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SonoVu US -A visible improvemen 
in ultrasound-guided aspiration. 


The clearly visible bright echoes on the real-time sonogram hole creates a highly visible echo on the US display. 


below mark a breakthrough in accuracy and safety for fine- The side holes also provide a significant increase in neec 
needle aspiration under ultrasound guidance. flow rate, and ensure free flow should the tip become 
SonoVu US, from E-Z-EM, is the first in a family of occluded—often the case with spinal or chiba needles. 
procedural needles designed specifically for enhanced Developed for use in amniocentesis, the SonoVu design 
ultrasound visualization. can offer similar benefits in such procedures as US-mon 
Precisely formed 0.44 mm distal side holes on the cannula tored biopsy and cyst aspiration. For more information on 


closely match the wavelength of ultrasound generated by a 20- and 22-gauge SonoVu US needles from E-Z-EM, 
3.5 MHz transducer. Uniform diffraction of the wave at each call 1-800-544-4624. 
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CT/MRI 


Roswell Park Cancer Institute is seeking Board 
certified radiologists with special interests in 
Imaging (CT/MRI) and leadership in an MRI 
center. The modernization of the entire Radiology 
Department includes a new magnetic resonance 
imaging center which is under construction and 
expansion and reconstruction of the Computed 
Tomography section which is being designed. At 
this renowned comprehensive cancer center, 
currently entering a period of renewed growth, 
opportunity for research and academic activity is 
outstanding. A faculty appointment will be at the 
School of Medicine and Biomedical Sciences, 
SUNY at Buffalo, according to the level of 
professional qualifications. Please send cur- 
riculum vitae to: 


Andrew A. Gage, MD, Deputy Institute Director 
Roswell Park Cancer Institute 
Elm and Carlton Streets 
Buffalo, New York 14263 


CANCER INSTITUTE 


Roswell Park is an Equal Opportunity / Affirmative Action Employer. 





Join The Leadin 
Group Medical Provider 
In An Exceptional Locale. 


Radiologists who choose Kaiser Permanente excel with the largest and 
most experienced prepaid group medical practice in America. As a 
premier medical provider we can offer some very distinctive career 
pluses, including some of health care’s most advanced Radiology 
environments. You will also find immediate significant responsibility 
plus a highly collegial atmosphere that emphasizes professional 
development. Currently, we have excellent opportunities for board 
certified/eligible Radiologists. 


RADIOLOGY DEPT. CHAIRMAN 


This key position will assume broad clinical, administrative and 
executive responsibilities. Demonstrated leadership skills are required. 


STAFF RADIOLOGISTS 


Will perform services in all imaging modalities. 


ANOTHER DISTINCTIVE ADVANTAGE 


is our location in northeastern Ohio. Here, you will enjoy a thriving 
major metropolitan city @ an ideal housing market © an acclaimed 
symphony orchestra @ theatre @ ballet e Great Lakes recreation 
© and a growing service base of some 210,000 Kaiser members in the 
Cleveland-Akron area. Relocation assistance programs are available. In 
addition, we offer attractive salary, superb benefits, shareholder 
status, paid retirement plans, and full malpractice coverage. For further 
details simply contact: Ronald G. Potts, M.D., Medical Director, Ohio 
Permanente Medical Group, Inc., Dept. HRAJR, 1300 E. Sth Street, 
Suite 1100, Cleveland, OH 44114. Or call us at 
1-800-837-OPMG/(216) 623-8770. EOE 
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RADIOLOGY/90 
GI Imaging and Intervention 


September 10-14, 1990 
Minneapolis, Minnesota 


Presented by 
Department of Radiology 
University of Minnesota 


PROGRAM TOPICS 
The Biliary System: Imaging and Intervention; General Radiologic 
Intervention in the Abdomen; Pancreas Imaging; Special Imaging of 
General Abdominal Processes; Conventional Abdominal Imaging; 
Esophagus, Stomach Small Bowel Syndrome; General Abdominal 
Imaging; Imaging of the Portal Venous System and Liver, CT and 
MRI of the Liver: State-of-the-Art 


GUEST SPEAKERS 
Michae P. Federle (Pittsburgh); Kristina Gedgaudas-McClees (At- 
lanta); R. Brooke Jeffrey (Stanford); Igor Laufer (Philadelphia), 
Thomas L. Lawson (Milwaukee); Albert A. Moss (Seattle); Reed P. 
Rice (Durham); David D. Stark (Boston); Eric van Sonnenberg (San 
Diego) 


Fees: $550 
$275 (Resident/Fellow, Military, VA) 


ACCREDITATION: 30 hours Category 1, AMA 


DIRECT INQUIRIES TO: RADIOLOGY/90, Continuing Medical 
Education, University of Minnesota, Box 202 UMHC, 420 Delaware 
Street, SE, Minneapolis, Minnesota 55455; telephone 612-626-5525. 


“Equal Educational Opportunity” 











NEURORADIOLOGY/MRI 


Roswell Park Cancer Institute is seeking Board 
certified radiologists with special interests in 
Neuroradiology and Magnetic Resonance 
Imaging and leadership in an MRI center. The 
modernization of the entire Radiology Depart- 
ment includes a new magnetic resonance imaging 
center which is under construction and expansion 
and reconstruction of the Computed Tomography 
section which is being designed. At this renowned 
comprehensive cancer center, currently entering a 
period of renewed growth, opportunity for 
research and academic activity is outstanding. A 
faculty appointment will be at the School of 
Medicine and Biomedical Sciences, SUNY at 
Buffalo, according to the level of professional 
qualifications. Please send curriculum vitae to: 


Andrew A. Gage, MD, Deputy Institute Director 
Roswell Park Cancer Institute 
Elm and Carlton Streets 
Buffalo, New York 14263 


CANCER INSTITUTE 


Roswell Park is an Equal Opportunity / Affirmative Action Employer. 
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AJR Guidelines for Authors 


Address new and revised manuscripts, correspondence, 
and classified ads to the Editor: 
AJR Editorial Office 
2223 Avenida de la Playa, Suite 200 
La Jolla, CA 92037-3218 
Telephone: (619) 459-2229; FAX: (619) 459-8814 

Inquiries regarding subscriptions, display advertising, re- 
prints, or permission to republish AJR material should be 
addressed to the publisher: 

The Williams & Wilkins Co. 
428 E. Preston St. 
Baltimore, MD 21202 Telephone: 1-800-638-6423 

The AJR publishes original contributions to the advance- 
ment of medical diagnosis and treatment. Submitted manu- 
scripts should not contain previously published material and 
should not be under consideration for publication elsewhere. 
Papers dealing with neuroradiology should be addressed to: 
American Journal of Neuroradiology, Dept. of Radiology, Mas- 
sachusetts General Hospital, Boston, MA 02114. At the dis- 
cretion of the AJR Editor, AJNR articles that are of interest to 
the general reader may be republished in the AJR. Neuro- 
radiologic papers sent to the AJR will be forwarded to the 
Editorial Office of the AJNR. 

Manuscript decisions are based on peer review. Reviewers 
receive manuscripts without title pages to ensure an unbiased 
review. Statements made in the article, including changes 
made by the Editor or manuscript editor, are the responsibility 
of the author and not of the AJR or its publisher. Authors will 
be sent the edited manuscript, galley proof, and proofs of 
illustrations. If the corresponding author will be unavailable to 
review galleys, arrangements should be made for a coauthor 
or colleague to read and return the proof. 

The following guidelines are based on instructions set forth 
in the Uniform Requirements for Manuscripts Submitted to 
Biomedical Journals (Ann Intern Med 1988;108:258-265). 
Articles will be edited, however, to conform to the individual 
style of AJR. 


General Guidelines for Major Papers 


Abstract. Clearly state (in 200 words or less) the purpose, 
methods, results, and conclusions of the study. Include actual 
data. 

Introduction. Briefly describe the purpose of the investiga- 
tion and explain why it is important. 

Methods. Describe the research plan, the materials (or 
subjects), and the methods used, in that order. Explain in 
detail how disease was confirmed and how subjectivity in 
observations was controlled. 

Results. Present results in a clear, logical sequence. If tables 
are used, do not duplicate tabular data in text, but do describe 
important trends and points. 

Discussion. Describe the limitations of the research plan, 
materials (or subjects), and methods, considering both the 
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purpose and the outcome of the study. When results differ 
from those of previous investigators, explain the discrepancy. 


AUTHOR’S CHECKLIST 


For priority handling, complete the following checklist, 
sign the copyright form on the reverse side of this page, 
and include both with the manuscript. 


Two copies of the manuscript (the original and a 
photocopy) and two complete sets of figures are submitted. 
One copy has been retained by the author. 

If appropriate, AJR Guidelines for case reports, tech- 
nical notes, pictorial essays, or letters to the Editor have been 
followed. (See page A5.) 

The manuscript, including references, figure leg- 
ends, and tables, is typed double-spaced on 8⁄2 x 11 in. 
(21.6 x 27.9 cm) nonerasable paper. Right-hand margins are 
not justified. 

All manuscript pages are numbered consecutively 
beginning with the abstract. Authors’ names do not appear 
on the manuscript pages. 

The manuscript is organized as follows: title page, 
blind title page (title only), abstract, introduction, methods, 
results, discussion, acknowledgments, references, tables, fig- 
ure legends, and figures. 

Informed consent has been obtained from patients 
who participated in clinical investigations. If experiments were 
performed on animals, authors complied with NIH guidelines 
for use of laboratory animals. 

Use of unfamiliar acronyms and abbrevations is kept 
to a minimum. When abbreviations are used they are defined 
at first mention, followed by the abbreviation in parentheses. 

Metric measurements are used throughout, or the 
metric equivalent is given in parentheses. 

Names and locations (city and state only) of manu- 
facturers are given for equipment and nongeneric drugs. 


Title Page 


The following information is given: title of article; 
names and complete addresses (including zip code) of all 
authors; current addresses of authors who have moved since 
study; acknowledgment of grant or other assistance. The 
corresponding author is clearly identified, and a current ad- 
dress, phone number, and FAX number are given. 

Two copies of a blind title page are included giving 
only the title (without the authors’ names) for use in the review 
process. 


Abstract 


An abstract of approximately 200 words concisely 
states the purpose, methods, and results of the study in one 
paragraph. Actual data are included. Conclusions are stated 
in a second, summary paragraph. 

No abbreviations or reference citations are used. 


References 


References (not to exceed 35) are typed double- 
spaced starting on a separate page and are numbered con- 
secutively in the order in which they appear in the text. 

All references are cited in the text and are enclosed 
in brackets and typed on line with the text (not superscript). 

Unpublished data are not cited in the reference list, 
but are cited parenthetically in the text, for example, (Smith 
DJ, personal communication), (Smith DJ, unpublished data). 
This includes papers submitted, but not yet accepted, for 
publication. 

Inclusive page numbers (e.g., 333-335) are given 
for all references. 

Journal names are abbreviated according to /ndex 
Medicus. 

Style and punctuation of references follow the for- 
mat illustrated in the following examples (all authors are listed 
when six or fewer; when seven or more authors, the first 
three are listed, followed by “et al.”): 


Journal article 
1. Long RS, Roe EW, Wu EU, et al. Membrane oxygenation: radiographic 
appearance. AJR 1986;146: 1257-1260 


Book 
2. Smith LW, Cohen AR. Pathology of tumors, 6th ed. Baltimore: Williams & 
Wilkins, 1977: 100-109 


Chapter in a book 
3. Breon AJ. Serum monitors of bone metastasis. In: Clark SA, ed. Bone 
metastases. Baltimore: Williams & Wilkins, 1983:165-180 


Paper presented at a meeting 
4. Lau FS, Kirk AN. MR imaging of the spine. Presented at the annual 
meeting of the American Roentgen Ray Society, Washington, DC, April 1986 


Tables 


Each table is typed double-spaced on a separate 
page without vertical or horizontal rules; each has a short, 
descriptive title. Tables do not exceed two pages in length 
and contain at least four lines of data. 

Tables are numbered in the order in which they are 
cited in the text. 


Abbreviations are defined in an explanatory note 
below each table. 

Tables are self-explanatory and do not duplicate 
data given in the text or figures. 

All arithmetic (percentages, totals, differences) has 
been double checked for accuracy, and tabular data agree 
with data given in the text. 


Figures and Legends 


Two complete sets of original figures are submitted 
unmounted in labeled envelopes. 

Figures are clean, unscratched, 5 x 7 in. (13 x 18 
cm) glossy prints with white borders. A separate print is 
submitted for each figure part. 

All figure parts relating to one patient have the same 
figure number. 

Each figure is labeled on the back with the figure 
number and an arrow indicating “top.” For black-and-white 
figures, labeling is done on a gummed label, which is then 
affixed to the back of the print. Never use labels on color 
figures, but write figure number on the back lightly in pencil. 
Never use ink on front or back of any figures. 

Author’s names are not written on the backs of 
figures. 

Only removable (rub-on) arrows and letters are used 
on the figures. Symbols are uniform in size and style and are 
not broken or cracked. 

Images are uniform in size and magnification. 

Line drawings are done in black ink on a white 
background. They are professional in quality, and all use the 
same size type. (Only glossy prints are acceptable.) 

Written permission has been obtained for use of all 
previously published illustrations (and copies of permission 
letters are included), and an appropriate credit line is given in 
the legends. 

Legends are typed double-spaced, and figure num- 
bers correspond with the order in which the figures are cited 
in the text. 
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Transfer of Copyright Agreement, Conflict of Interest Acknowledgment, Certification of Coauthors, and Exclusive 


Publication Statement 


Complete copyright to the article entitled: 








is hereby transferred to the American Roentgen Ray Society (for United States government employees to the extent transferable), effective if and when the article 
is accepted for publication in the American Journal of Roentgenology. In the case of the authors who are officers or employees of the United States government, 
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Case Reports 


A case report is a brief description of a special case that 
provides a message that transcends the individual patient. 

Format. There is no abstract. The introduction should 
be a short paragraph giving the general background and 
the specific interest of the case. No more than one case 
should be described in detail (similar ones can be men- 
tioned briefly in the discussion). Emphasis should be on 
the radiologic aspects; clinical information must be limited 
to that necessary to provide a background for the radiol- 
ogy. The discussion should be succinct and should focus 
on the specific message and relevance of radiologic meth- 
ods. A review of the literature is not appropriate. 

Length. Maximum of five double-spaced, typewritten 
pages, including the references but not the title page or 
figure legends. 

References. Maximum of eight. 

Figures. Maximum of three or four, unless the text is 
shortened accordingly. Legends must not repeat the text. 

Tables and Acknowledgments. Not appropriate in case 
reports. 








Technical Notes 


A technical note is a brief description of a specific 
technique or procedure, modification of a technique, or 
equipment of interest to radiologists. 

Format. No abstract, headings, or subheadings are re- 
quired. If headings are used, they should be a combination 
of “Case Report,” “Materials and Methods,” “Results,” and 
“Discussion.” A brief one-paragraph introduction should 
be included to give the general background. Discussion 
should be limited to the specific message, including the 
uses of the technique or equipment. Literature reviews 
and lengthy case reports are not appropriate. 

Length. Maximum of five double-spaced, typewritten 
pages, including the references but not the title page or 
figure legends. 

References. Maximum of eight. 

Figures. Maximum of two, unless the text is shortened 
accordingly. 

Tables and Acknowledgments. Not appropriate in tech- 
nical notes. 








Pictorial Essays 


A pictorial essay is an article that conveys its message 
through illustrations and their legends. Unlike other AJR 
articles, which are based on original research, pictorial 
essays serve primarily as teaching tools, like exhibits at a 
scientific meeting. They are not encyclopedic book chap- 
ters. The abstract should be a short, introductory para- 
graph. 

Length. Maximum of four double-spaced, typewritten 
pages, including the references but not the title page or 
figure legends. 

References. Maximum of four. 

Figures. Maximum of 30 figure parts. Number should be 
as few as necessary to convey the message of the paper. 

Tables and Acknowledgments. Not appropriate in pic- 
torial essays. 











Tables and Acknowledgments. Not appropriate in Let- 
ters to the Editor and Replies. 





Letters to the Editor and Replies 


Letters to the Editor and Replies should offer objective 
and constructive criticism of published articles. Letters 
may also discuss matters of general interest to radiolo- 
gists. Do not end a letter with a hand-written signature. 

Format. All letters should be typed double-spaced on 
nonletterhead paper, with no greeting or salutation. Name 
and affiliation should appear at the end of the letter. Titles 
for letters should be short and pertinent. The title for a 
reply is simply “Reply.” 

Length. Maximum of two double-spaced, typewritten 
pages, including references. 

References. Maximum of four. 

Figures. Maximum of two. 














Opinions, Commentaries, and Perspectives 


Opinions, commentaries, and perspectives are special 
articles dealing with controversial topics or issues of spe- 
cial concern to radiologists. 

Format. Include a title page but no abstract. Headings 
may be used to break up the text. 

Length. Maximum of five double-spaced, typewritten 
pages. 

References. Maximum of five. 

Tables and Figures. Maximum of four. 











Computer Page Articles 


Articles published on the computer page deal with prac- 
tical computer applications to radiology. 

Format. Include a title page but no abstract. 

Length. Maximum of eight double-spaced, typewritten 
pages. 

References. Maximum of five. | 

Figures and Tables. Maximum of five. Computer print- | 
outs are not acceptable. Figures must be submitted as 5 | 
x 7 in. glossy prints. 








All submissions to the AJR must be accompanied by a completed copy of the Author’s Checklist and the signed 
Copyright Agreement. 
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thing. 
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Review Article 


MR Spectroscopy of the Heart 


Jeffrey J. Brown,’ Scott A. Mirowitz, John C. Sandstrom, and William H. Perman 


MR spectroscopy offers the unique ability to detect impor- 
tant metabolites noninvasively in living tissue. In recent years, 
an intense research effort has been made into the use of this 
technique for studying the metabolism of a variety of organs. 
We review MR spectroscopy of the heart and discuss its 
potential for use in the clinical setting. 


Basic Principles 


Nuclei contain both protons and neutrons (referred to col- 
lectively as nucleons), except for hydrogen-1, which contains 
only a proton. Each nucleon possesses an inherent angular 
momentum, which is termed spin. Pairs of like nucleons in a 
nucleus align such that their spins cancel. Any nucleus with 
an odd number of protons or neutrons will have a nonzero 
angular momentum; these are the nuclei that exhibit the 
phenomenon of nuclear magnetic resonance. Because each 
nucleon has a spatial charge distribution, the rotation of nuclei 
induces a magnetic field, giving the nuclei properties similar 
to those of magnetic dipoles. In the absence of an external 
static magnetic field, Bo, the ensemble of nuclear magnetic 
dipoles is randomly oriented. When a uniform Bo is applied, 
the dipoles align either parallel or antiparallel to the applied 
field. Nuclei aligned parallel to the field have a lower energy 
than those aligned antiparallel to the field. The two populations 
of nuclei are nearly equal in size; however, there is a slight 
preponderance of nuclei in the lower energy state. Although 
this difference is very small (about 1 nucleus per million), it is 
sufficient to produce a net macroscopic magnetic vector, M. 
RF energy incident on this ensemble of nuclei at the proper 


frequency will exert a torque on the nuclei, changing the 
orientation of M. The nonaligned magnetic vector is detected 
by an RF receiver coil sensitive to changes in magnetic 
components perpendicular to the static field. The perturbed 
magnetic vector returns to equilibrium through relaxation 
processes with characteristic time constants T1 and T2. The 
T1 (spin-lattice) time constant characterizes exponential re- 
growth of magnetization along the Bo axis and is determined 
by interactions between nuclear spins and the surrounding 
lattice. The decay in coherent transverse magnetization due 
to interactions between nuclear spins is characterized by the 
T2 (spin-spin) relaxation constant. 

A nucleus placed in a hypothetical perfectly uniform mag- 
netic field is detected at a single frequency (the Larmor 
frequency, wo), which depends on the nucleus type and is 
given by 


wo = yBo: 


where y is the gyromagnetic ratio of the nucleus. 

MR spectroscopy makes use of the fact that the frequency 
of resonance of a given nucleus is affected in a small but 
detectable manner by its chemical environment. An electron 
cloud composed of molecular orbital electrons surrounds each 
nucleus, producing a circulating electric current and thus a 
weak magnetic field that affects the total static magnetic field 
experienced by a given nucleus. According to Lenz’s law, the 
direction of an induced current opposes the cause producing 
it; similarly, the direction of the induced magnetic field op- 
poses the applied field. Therefore, the effect of these electron 
clouds is to decrease the net magnetic field experienced by 
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a given nucleus to slightly less than the applied field. Discrim- 
ination of identical nuclei in different molecules is possible 
because of small variations in local magnetic field strength 
that depend on the electron density around each nucleus. 
The resultant changes in resonant frequencies of the nuclei 
are referred to as chemical shifts. By convention, chemical 
shift (6) is expressed numerically in parts per million (ppm), 
and is calculated as follows: 
Wo — Bret 


ô = ——— x 108, 


Wret 


where w is the resonant frequency of a spectral line and wrer 
is the resonant frequency of the reference peak. Chemical 
shift thus is expressed in a manner that is independent of 
magnetic field strength. The range in chemical shifts varies 
for each nucleus; for example, the ranges for *'P, 'H, and °C 
span approximately 40 ppm, 15 ppm, and 200 ppm, respec- 
tively. 

The MR signal is detected as voltage induced in the receiver 
coil due to the changing macroscopic magnetization vector, 
M. The time-dependent voltage is converted to amplitude vs 
frequency (chemical shift) by using the fast Fourier transform 
and is displayed in spectral form. The location of resonant 
peaks within a spectrum identifies specific metabolites by 
their chemical shifts. The area under each spectral peak is 
proportional to thé number of nuclei resonating at the specific 
frequency, modified by T1 and T2 relaxation constants. Thus, 
peak areas of spectra from a given volume of tissue reflect 
relative concentrations of specific metabolites within the 
tissue. 

The advantage of MR spectroscopy compared with other 
methods of metabolic tissue analysis is that it is nondestruc- 
tive and noninvasive. The ease with which a given nucleus 
can be observed depends on the concentration of the nucleus 
in the tissue being studied, its natural isotopic abundance, 
and its inherent MR sensitivity. Nuclei that have been studied 
to date in relation to cardiac metabolism include phosphorus, 
hydrogen, carbon, sodium, potassium, and fluorine. **P MR 
spectroscopy has been studied the most widely, primarily 
because it offers the ability to investigate high-energy phos- 
phate compounds with adequate sensitivity and high resolu- 
tion. 'H, however, has a much greater sensitivity. If 'H is 
assigned a sensitivity of 1.00, then the equivalent number of 
fluorine-19, sodium-23, and *'P nuclei have relative sensitivi- 
ties of 0.83, 0.093, and 0.066, respectively [1]. The strength 
of the MR signal also depends on the natural isotopic abun- 
dance of the nucleus of interest in the tissue being studied. 
1H, *'P, Na, and "°F all have high natural isotopic abundance. 
The MR signal from "°C, which has a low natural abundance, 
can be enhanced by the administration of exogenous com- 
pounds that are isotopically enriched with °C. Exogenous 
fluorocarbons are administered to enhance signal from "F, 
which has high natural abundance but low tissue concentra- 
tions. 

The major limiting factor in the use of MR spectroscopy in 
clinical medicine has been its relative insensitivity compared 
with other techniques such as positron emission tomography 
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(PET). For example, metabolite concentrations of 100 „mol/l 
to 1 mmol/l are required for in vivo 'H MR spectroscopy with 
reasonable acquisition times, whereas a PET 2-fluoro-2-deox- 
yglucose study requires tracer concentrations of only 1-10 
zmol/l. 

Several experimental factors affect the sensitivity of MR 
spectroscopy. The most important of these are field strength, 
sample size, and the homogeneity of the magnetic field. MR 
sensitivity is proportional to magnetic field strength and the 
volume of tissue being examined. Sensitivity also is affected 
by the size of the RF receiver coil relative to the sample (filling 
factor). A small sample in a large coil produces a much lower 
signal-to-noise ratio than the same sample with a smaller RF 
coil. Surface coils are therefore useful for in vivo MR spec- 
troscopy, as they limit the reception of noise and signal to the 
tissue region of interest. However, the depth of penetration 
in the sample is limited to approximately one radius of the 
surface coil. Larger coils are much less sensitive, but provide 
a more uniform RF field for accurate RF pulse transmission. 
The combination of transmission with a large coil for RF 
excitation homogeneity and reception with a small surface 
coil for increased sensitivity makes use of the advantages of 
both types of coils. The S/N also can be increased by multiple 
signal averaging. 

Spectral resolution (resonant peak line width) depends on 
the magnetic field homogeneity and relaxation times of the 
individual nuclei. In a hypothetical perfectly uniform Bo, assum- 
ing a uniform chemical environment and identical nuclei in a 
sample, a single resonance occurs at a single Larmor fre- 
quency. However, spin-spin interactions cause a loss of phase 
coherence in transverse magnetization so the voltage induced 
in the receiver coil decays exponentially with spin-spin time 
constant T2. Thus, there is more than a single frequency 
component in the signal and Fourier transformation results in 
a Lorentzian line width dependent on T2. Spectral resolution 
in MR spectroscopy therefore is inherently limited by the T2 
of the sample. As there is always some inhomogeneity in Bo, 
the nuclei in a given sample have a spatial distribution of 
Larmor frequencies. The variations in Larmor frequency due 
to Bo inhomogeneity increase the rate of dephasing of the 
coherent transverse magnetization. Therefore, the observed 
transverse relaxation constant, T2*, has been defined to 
include the effects of irreversible T2 dephasing in addition to 
the recoverable dephasing due to By inhomogeneity. Field 
inhomogeneity then causes the observed T2 (i.e., T2*) to be 
shorter than the actual T2 and thus increases the observed 
line width. 

Optimization of Bp homogeneity (“shimming”) is critical to 
obtain high spectral resolution, particularly for in vivo appli- 
cations of MR spectroscopy. This involves making small 
adjustments to the static magnetic field by using external 
shim coils to make the field in the volume of interest (VOI) as 
uniform as possible. The problem in vivo is that adjacent 
tissues often have disparate magnetic susceptibilities (partic- 
ularly soft tissue/bone or air/tissue interfaces). This induces 
a change in the effective magnetic field within the different 
tissues and a nonuniform distortion of the field dependent on 
the sample geometry. Reduced homogeneity results in in- 
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creased line width, reduced sensitivity, and poorer spectral 
resolution. In order to improve spectral resolution in vivo, 
volume-selective techniques have been developed that local- 
ize the detected signal to a small region of homogeneous 
tissue within the entire sample. With smaller VOls within a 
tissue, itis easier to remove distortions due to magnetic 


susceptibility changes through shimming because regions of 


high distortion near tissue interfaces can be avoided. Better 
shimming over small volumes increases the signal-to-noise 


. ratio through reduced line width, compensating somewhat for 


reduced overall signal. However, if the total sample size also 
is small, field distortions are larger within the VOI because 
the VOI is nearer to tissue interfaces, making it difficult to 
shim optimally. 

Eddy current production is a significant problem when using 
pulsed gradients in a spectroscopic experiment. Eddy cur- 
rents are induced in the magnet vessel whenever gradients 
are switched and are manifested as DC changes in the Bo 
field and/or time-dependent field changes during the pulse 
sequence and data acquisition. The resulting line broadening 
is detrimental to spectral resolution. 


Spatial Localization 


The feasibility of clinical in vivo MR spectroscopy depends 
heavily on the ability to investigate a well-defined volume of 
tissue within the organ of interest. The purpose of volume 
localization is to restrict the spectroscopic examination to a 
discrete VOI, thereby largely eliminating resonances arising 
from surrounding tissue and increasing sensitivity to metab- 
olites of low concentration within the VOI. An anatomic im- 
aging technique, typically 'H MR imaging, is used to identify 
and select the VOI. 

The simplest method to localize MR signals to a small 
region within a sample is to use a receiver coil with limited 
spatial sensitivity, placed close to the surface of a sample 
{e., a surface coil} [2]. The sensitive volume of the surface 
coil is defined by its spatially varying B, field, extending 
approximately one radius away from the center of a circular 
coil. Another approach is to generate a homogeneous static 
magnetic field limited to a small region. This method, called 
topical MR, relies on a static field gradient to reduce the 
homogeneous region of the field to a specified volume [3, 4]. 
Topical MR improves spatial localization by using the static 
fieid in conjunction with surface coils. However, these tech- 
niques suffer from poor definition of the VOI and do not allow 
relocation of the VOI without moving the coil(s) or the sample. 
Volume size depends on the physical size and shape of the 
surface coil or static-gradient coils and cannot be modified 
without redesigning the coil(s). 

Localization can be enhanced by the use of tailored RF 
pulses to select a plane at a specified distance from the 
surface coil. “Depth” pulses use phase alternation to cancel 
signal from above and below the plane of interest without the 
use of pulsed gradients [5]. Improvement in the spatial local- 
ization of the plane can be achieved by using two RF coils, 


_ one for transmission to excite the desired plane, the other for 
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reception, with the coils either coplanar [6] or slightly dis- 
placed [7]. The overlap of the sensitive volumes of the two 
coils defines the localized volume. However, the complexity 
of this experiment makes it difficult to control the position and 
thickness of the selected plane. Also, multiple experiments 
are required to localize the signal, so shimming is more 
difficult. 

Pulsed-gradient techniques use selective RF pulses in the 
presence of pulsed gradients to selectively excite signal from 
specified planes. These techniques can be separated into two 
types: those that prepare the localized signal from the VOI 
and subsequently acquire the data through the use of a single 
pulse to produce a free induction decay, and those that 
prepare the VOI by generation of spin echoes or stimulated 
echoes. With a pulsed-gradient system, selective RF pulses 
can be used to excite a single plane of arbitrary size and 
position quickly and easily by using a surface coil [7, 8]. This 
technique, called depth-resolved surface coil spectroscopy 
(DRESS), uses a selective pulse to excite a plane parallel to 
the surface coil. The diameter of the localized region remains 
dependent on the size of the surface coil. 

Selective RF pulse sequences generated by using various 
coils for RF transmission and reception have been helpful for 
volume localization. Selective pulses require the use of pulsed 
gradients applied during the RF pulse to excite planes of 
spins. For three-dimensional localization, it is necessary to 
excite three orthogonal planes of spins; the localized region 
is the intersection of the three. 

Selective excitation techniques can be separated into two 
categories: subtraction techniques and single-excitation tech- 
niques. Subtraction techniques such as image-selected in 
vivo spectroscopy (ISIS) [9] require several excitations to 
localize the volume. Phase cycling is used to cance! signa! 
from all regions except the localized volume. This has the 
disadvantage of imperfect subtraction when the VOI is much 
smaller than the complete volume detected by the coil. Be- 
cause signal from the entire sample is collected after every 
excitation, the receiver gain cannot be optimized on the much 
smaller VOI. Single-excitation techniques use combinations 
of RF pulses that produce coherent transverse magnetization 
from only the VOI during data collection; all unwanted mag- 
netization is either dephased in the transverse plane or aligned 
along the longitudinal axis. This allows optimization of receiver 
gain on the signals from the VOI. Shimming also is simplified, 
because it can be done directly on the VOI with one excitation. 
Several single-excitation techniques have been reported un- 
der a variety of acronyms, including LOCUS [10], DIGGER 
[11], VEST [12], SMILE [13], and STEAM [14]. 

The particular usefulness of selective excitation techniques 
is that the position and size of the VOI are controlled easily 
by changing transmitter frequency (or phase) and gradient 
pulse strength. Imaging also can be incorporated into the 
sequences to verify the position of the VOI and the degree of 
localization. Disadvantages of these sequences are suscep- 
tibility to RF inhomogeneity, substantial T2 relaxation, and 
eddy currents caused by the use of pulsed gradients that 
degrade the signal. Shielded gradient systems have reduced 
the last problem [15]. 
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A separate class of techniques is based on imaging princi- 
ples to generate multidimensional data encoding spatial po- 
sition and chemical shift (i.e., chemical-shift imaging) [16-28]. 
These techniques, with some exceptions [16, 28], suffer from 
requiring too much time for data acquisition. In order to 
resolve N x M voxels and retain chemical-shift information, it 
is necessary to perform N x M experiments. For a low-spatial- 
resolution (assuming a standard field of view), two-dimen- 
sional, chemical-shift image of 16 x 16 pixels, 256 experi- 
ments are required. To extend a third spatial dimension at the 
same resolution would require 4096 experiments. Another 
problem with chemical-shift imaging is that homogeneity is 
often poor over large samples, so that frequency corrections 
must be applied to each pixel to compensate for spatially 
varying Larmor frequency. 


Myocardial Energy Metabolism 


The energy needs of the myocardium, essential for opera- 
tion of the contractile machinery and for maintenance of 
cellular homeostasis, are met predominantly by the hydrolysis 
of adenosine triphosphate (ATP). The majority of myocardial 
ATP is produced via oxidative metabolism. 

Under normal physiological conditions, oxidative metabo- 
lism of nonesterified (free) fatty acids (NEFA) provides 40- 
60% of the ATP used by the heart [29-33]. Glucose is an 
important alternative fuel, and accounts for approximately 
20-40% of the energy needs of the heart under fasting 
conditions. However, glucose can provide more than 60% of 
the ATP needs of the heart after a carbohydrate load. In 
addition to NEFA and glucose, the heart can use a number 
of other substrates such as lactate and ketones for energy 
production, but normally the use of these substrates is limited 
by their low plasma concentration. Lactate can become an 
important substrate for oxidative metabolism at high arterial 
concentrations. 

Determinants of NEFA uptake by the heart include arterial 
concentrations of NEFA, fatty acid chain length, the ratio of 
NEFA to albumin, and the hormonal milieu [29-33]. Under 
normoxic conditions, metabolism of NEFA occurs via 6-oxi- 
dation, although a fraction of extracted NEFA is incorporated 
into neutral lipid storage forms, such as triglycerides, and into 
membrane phospholipids. Each molecule of palmitate (the 
predominant NEFA in the circulation) that is oxidized can 
supply 129 molecules of ATP. After a carbohydrate meal, use 
of NEFA by the myocardium is diminished because of the 
peripheral antilipolytic actions of insulin that result in dimin- 
ished plasma NEFA content. Additionally, insulin directly stim- 
ulates myocardial glucose metabolism [30]. 

Glucose transport into the myocyte is regulated by a ster- 
eospecific glucose carrier system that is accelerated in the 
presence of insulin [29-33]. Once in the cell, glucose is 
phosphorylated to glucose 6-phosphate by an ATP-consum- 
ing reaction involving hexokinase. The well-regulated Emb- 
den-Meyerhof pathway controls conversion of glucose 6- 
phosphate to pyruvate. Normally, pyruvate undergoes con- 
version to acetyl] coenzyme A (acetyl-CoA), which is then 
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oxidized aerobically in the tricarboxylic acid (TCA) cycle. 
Oxidation of one molecule of glucose results in 38 molecules 
of ATP. Oxidation of glucose is inhibited by NEFA at several: 
regulatory levels. After a person has eaten, extra glucose can 
be stored as myocardial glycogen. The activity of glycogen 
synthetase is stimulated by increased levels of intracellular 
glucose 6-phosphate and insulin. 

The TCA cycle is the final common pathway for oxidative 
metabolism in the heart and is responsible for the majority of 
myocardial ATP production under normal aerobic conditions. 
The metabolic processes that result in the production of 
myocardial ATP in the mitochondria can be simplified into 
three stages. In the first, substrates are converted either by 
8-oxidation or by glycolysis to acetyl-CoA. Under aerobic 
conditions, acetyl-CoA undergoes metabolism to CO; in the. 
TCA cycle and produces NADH. This in turn yields hydrogen 
atoms that enter the electron transport chain where: ADP is 
converted to ATP by oxidative phosphorylation. Transfer of 
the ATP from the mitochondria to the contractile elements is 
most likely mediated by a creatine phosphate shuttle. The 
high-energy phosphate group of mitochondrial ATP is trans- ~ 
ferred to creatine phosphate in a reaction catalyzed by the 
mitochondrial creatine kinase (located on the outer mitochon- 
drial membrane). Creatine phosphate is then split by cytosolic 
creatine kinase to form creatine and ATP, which is split at the 
myofilaments by myosin ATPase to form adenosine diphos- ` 
phate (ADP), inorganic phosphate (P)), and free energy [34- 
36]. : 

During myocardial ischemia, profound alterations in myo- 
cardial metabolism occur [29-33]. 6-oxidation of fatty acid is 
diminished. In addition, the activity of several enzymes in- 
volved in fatty acid oxidation are inhibited by lactate and/or 
hydrogen ions that accumulate in ischemic tissue. The dimin- 
ished availability of unesterified coenzyme-A decreases 
thioesterification of NEFA. As 8-oxidation is diminished, NEFA 
is shunted into neutral lipids [37, 38]. Long chain acyl-CoA 
and acyl carnitines, which may be arrhythmogenic and nega- 
tively inotropic, accumulate [39, 40]. During ischemia, glucose 
becomes the predominant source for energy, mainly through 
anaerobic metabolism to lactate. Increased cellular lactate 
content, as a product of increased anaerobic glycolysis, is a 
relatively specific marker for ischemia [29-33]. Although an- 
aerobic glycolysis can partially compensate for impaired oxi- 
dative metabolism, it cannot meet the full energy demand of 
the myocardium by itself. It is estimated that anaerobic gly- 
colysis limits overall energy supply to 10-30% of the energy 
needs of the heart, perhaps sufficient to maintain cellular 
viability, but insufficient for maintenance of contractile function 
[29-33]. The initial augmentation of anaerobic glycolysis stim- 
ulated by ischemia is short-lived because lactate, NADH, and 
hydrogen ions accumulate and depress the regulatory en- 
zymes of the glycolytic pathway. Myocardial glycogen may 
serve as a reserve source of energy during ischemia, but is 
rapidly depleted during myocardial hypoxia. Under conditions 
of hypoxia, inorganic phosphate levels rise concomitantly with 
decreases in high-energy phosphate levels. Severe ischemic 
myocardial injury is associated with a marked depletion of 
intracellular high-energy phosphates and tissue acidosis. 
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Reperfusion either by pharmacologic thrombolytic agents 
or by mechanical recanalization (balloon angioplasty or coro- 
nary artery bypass grafting) has become an important ap- 
proach for limiting myocardial damage during evolving myo- 
cardial infarction. With reperfusion after brief intervals of 
ischemia, fatty acid oxidation is restored promptly and be- 
comes, once again, the major source of energy for the heart, 
although glycolytic pathways may still be enhanced [41, 42]. 
With more prolonged periods of ischemia followed by reper- 
fusion, restoration of fatty acid oxidation may be prolonged, 
and enhanced glycolysis may be important in maintaining 
cellular viability [43]. It appears that recovery of oxidative 
metabolism is a prerequisite for recovery of myocardial func- 
tion after reperfusion [44, 45]. 


3P MR Spectroscopy 


Most of the cardiac spectroscopy that has been performed 
so far has involved analysis of high-energy phosphate metab- 
olism [46-49]. Major spectral peaks distinguishable on °'P 


- spectra include the a, 8, and y peaks of ATP, phosphocreatine 


(PCr), and P, as well as phosphomonoesters (PME) and 
phosphodiesters (PDE). Cytosolic pH is estimated from the 
chemical shift of the P; peak [46, 50]. The relative paucity of 
detectable phosphate resonances is a consequence of the 
inherent insensitivity of *'P MR spectroscopy and its inability 
to detect immobile species easily [1]. 

Studies using isolated perfused hearts and myocardial tis- 
sue samples from experimental animals have shown that 
global anoxia or ischemia results in decreased myocardial 
PCr, increased P,, tissue acidosis, and, ultimately, depletion 


- of ATP [51-56] (Fig. 1). Regional myocardial ischemia was 


first studied by Hollis and colleagues [57, 58], who reported 
a small rise in P; and an acidic pH after coronary artery ligation. 
They used a receiver coil configuration that afforded no spatial 
localization. Nunnally and Bottomley [59] acquired volume- 
localized *'P MR spectra by placing a flat surface coil over 


` the ischemic region of isolated rabbit hearts with coronary 


artery occlusion. They showed a rapid decrease in high- 
energy phosphates and a rise in P; in the ischemic region. 
More recently, myocardial “P MR spectra have been ac- 
quired in vivo by using a variety of animal models. Balaban et 
al. [60] used a surface coil attached to the end of a catheter 
to monitor the concentrations of CrP and ATP during changes 
in work output achieved by pacing canine hearts at varying 
rates. They found that relative concentrations of myocardial 
CrP and ATP remained constant over a wide range of rate- 
pressure products (5,000-25,000 mm Hg/min). Guth et al. 
{61] correlated changes in regional myocardial phosphorus 
metabolism with regional myocardial blood flow and function 
by using an in vivo canine model in which a surface coil was 
sutured directly to the epicardium. Ischemia was induced by 
17 min of coronary artery occlusion followed by reperfusion. 
PCr/P; and PCr/B-ATP ratios both decreased during coronary 
occlusion; only PCr/P, returned to control levels during reper- 
fusion. Significant correlations were shown between the de- 
gree of regional ischemia and reductions in PCr, 6-ATP, and 
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Fig. 1.—*'P MR spectroscopy performed on an isolated buffer-perfused 
rat heart. Representative spectra acquired during baseline aerobic perfu- 
sion (top) and 12 min after perfusion with a hypoxic buffer (bottom) show 
an interval decrease in myocardial phosphocreatine (CP) and adenosine 
triphosphate (ATP) and an increase in inorganic phosphate (P,). (Reprinted 
with permission from Wexler et al. [56] and the American Heart Association, 
Inc.) 


myocardial pH and elevations in P, during coronary occlusion. 
In another in vivo study, Rehr et al. [62] showed significant 
differences in phosphate metabolism between viable and 
nonviable reperfused myocardium. Reconstitution of the PCr 
peak during reperfusion provided an accurate index of sal- 
vageable myocardium in this investigation. 

The development of more sophisticated spatial-localization 
techniques has led to noninvasive image-guided spectros- 
copy. The DRESS method has been used to obtain in vivo 
31P MR spectra from localized volumes of myocardium in dog 
hearts with acute and chronic infarctions [63, 64] (Fig. 2). 
Spatial localization techniques have been refined further to 
assess the bioenergetic response to regional myocardial is- 
chemia in dogs with differentiation between separate layers 
of myocardium [65]. ischemia-induced alterations in *'P MR 
spectra that reflect substantial metabolic differences between 
epicardial and endocardial regions have been shown [65]. 

The DRESS localization technique has been applied to 
human subjects, yielding *‘P MR spectra from the hearts of 
normal volunteers [66] and from patients with acute myocar- 
dial infarction [67] and exercise-induced ischernia [68]. In the 
last study [68], the PCr/ATP ratio decreased during ischemia 
caused by isometric hand-grip exercise in patients with severe 
coronary artery disease. Additional volume-localization tech- 
niques, including topical MR [69] and ISIS [70, 71], have been 
used to monitor phosphate metabolism in human hearts 
noninvasively (Fig. 3). 
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In addition to myocardial ischemia and infarction, °'P MR 
spectroscopy also has been used to investigate various other 
aspects of cardiac physiology. Substrate fluxes between high- 
energy phosphate compounds (e.g., the creatine kinase re- 
action) have been measured by using magnetization transfer 
techniques, in which reaction rates are measured by magnet- 
ically labeling the phosphate moiety [72-77]. Flux measure- 
ments of ATP synthesis and hydrolysis reaction rates in 
normal and postischemic myocardium also have been studied 
with *'P MR spectroscopy [78, 79]. 
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Fig. 2.—In vivo *‘P MR spectra derived from ischemic myocardium in a 
dog by using depth-resolved surface coil spectroscopy (DRESS). Within 
first hour after coronary artery occlusion, inorganic phosphate (P;) peak is 
elevated markedly, and phosphocreatine (PCr), adenosine triphosphate 
(ATP), and pH are reduced significantly. At 15 and 24 hr after occlusion, 
the P, resonance is broadened, and its chemical shift has returned to 5.1 
ppm, indicating a normalization of tissue pH. PM = phosphomonoester, 
PD = phosphodiester. (Reprinted with permission from Bottomley et al. 
[64].) 
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3P MR spectroscopy also has been investigated as a 
means of monitoring cardiac transplant rejection. In rat [80- 
82] and canine [83, 84] models, cardiac allografts undergoing 
rejection have shown significant reductions in PCr/ATP and 
PCr/P; compared with control animals (Fig. 4). More recent 
studies [85, 86] in humans that used image-guided volume- 
localized spectroscopy have shown similar metabolic changes 
in hearts that are being rejected. 


1H MR Spectroscopy 


Although cardiac spectroscopy research has focused pri- 
marily on °'P, interest has been increasing in the last several 
years in the evaluation of myocardial metabolism by means 
of 'H MR spectroscopy [87-89]. 'H MR spectroscopy has 
considerably greater inherent sensitivity than *'P MR spec- 
troscopy, and therefore 'H metabolites can be detected at 
much lower concentrations. In addition, a greater range of 
biologically important metabolites can be detected with 'H 
MR spectroscopy, including fats, amino acids, ketone bodies, 
and lactate. These are of interest because changes in utili- 
zation rates of these compounds in most cases precede gross 
aberrations in cellular energetics and tissue acidosis. 

Until recently, these attributes of 'H MR spectroscopy could 
not be explored because of technical challenges beyond those 
presented by *'P [90]. The strong signals from water and 
overlapping fat resonances tend to dominate 'H MR spectra 
and obscure the peaks of important metabolites that are 
present in small concentrations. This problem has been ad- 
dressed by homonuclear editing and pulse sequences de- 
signed to presaturate and thereby suppress the dominant 
water peak [91]. Another problem inherent in 'H MR spec- 
troscopy is the need for greater magnetic field homogeneity 
than is required for °'P. This is due to the narrow chemical- 
shift range and large number of metabolites detectable with 
1H MR spectroscopy and the high degree of spectral resolu- 
tion necessary to distinguish these metabolites. Recent im- 
provements in optimizing magnetic field homogeneity have 
resulted in increased spectral resolution. However, well-de- 
fined volume localization is necessary to prevent resonances 


Fig. 3.—A, Image-guided *'P spec- 
trum of normal human heart. Peaks 
identified include phosphomonoesters 
(PME), phosphocreatine (PCr), and a, 
8, and y phosphates of adenosine tri- 
phosphate (ATP). 

B, |\mage-selected in vivo spectros- 
copy (ISIS) was used to select a volume 
of interest from a transaxial proton MR 
image of heart. HMPT = hexamethyl- 
phosphorus triamide; CW = chest wall; 
RV = right ventricle; LV = left ventricle. 
(Reprinted with permission from 
Schaefer et al. [70] and the American 
College of Cardiology.) 
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Fig. 4.-Sequential phosphocreatine (PCr) to inorganic phosphate {P} 
ratios from canine cardiac allografts undergoing rejection, acquired during 
first week after transplant surgery. (Reprinted with permission from Fraser 
et al. [84].) 


arising from epicardial or pericardial fat from obscuring the 
important lipid region of the ‘H MR spectra. 

Alterations in myocardial 'H MR spectra due to ischemia or 
infarction have been reported in several animal models. Ug- 
urbil et al. [92] used high-resolution 'H MR spectroscopy of 
isolated perfused rat hearts to show myocardial proton res- 
onances corresponding to taurine, carnitine, lactate, glycer- 
ides, and other metabolites. This was the first 'H MR spec- 
troscopy study to show an accumulation.of myocardial lactate 
during ischemia and elevated lipid peaks after hypoxia. Rich- 
ards et al. [93] also showed progressive accumulation of 
lactate that occurred within 5-10 min after the induction of 
ischemia or anoxia in perfused rat hearts (Fig. 5). 'H MR 
spectroscopy performed on dogs with subacute infarcts (8 
days after coronary artery ligation) showed increased mobile 
lipid peaks and a decrease in the creatine peak [94]. Signifi- 
cant elevations of MR-detectable mobile lipids after myocar- 
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Fig. 5.—"H spectra derived from ischemic isolated perfused rat hearts 
show elevation of lactate peak 5 min after onset of ischemia. Sequential 
spectra show a progressive increase in lactate peak over time. Lipids and 
other resonances were suppressed by homonuclear editing. Insert shows 
plot of lactate peak area as a function of time after onset of ischemia. 
(Reprinted with permission from Richards et.al. [93].) 
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dial ischemia have been confirmed in several additional inves- 
tigations. These include 'H MR spectroscopic analyses of 
myocardial samples from canine hearts that have undergone 
24 hr of ischemia [95] (Fig. 6), or 15 min of coronary artery 
occlusion followed by 3 hr of reperfusion (myocardial stunning) 
[96]. An in vivo study in which surface coils were sutured to 
the surface of canine hearts showed elevations in mobile lipid 
peaks during ischemia induced by 45 min of coronary artery 
occlusion followed by reperfusion [97]. In this study, the 
increase in lipid levels during reperfusion showed a general 
correlation with the degree of myocardial dysfunction. The 
metabolic basis for the rise in lipid peaks is thought to be an 
ischemia-induced shift in metabolic substrate use from fatty 
acids to glucose with consequent accumulation of the inter- 
mediates of fatty acid metabolism [98]. The degree to which 
'H MR spectroscopic analysis of these metabolic changes 
can provide an index of myocardial viability after an ischemic 
episode requires further investigation. Barany et al. [99] have 
established the possibility of acquiring in vivo spectra of the 
human heart in normal volunteers. 


Other Nuclei 


13C MR spectroscopy is a versatile tool for investigating 
metabolic fluxes involving myocardial glycogen and amino 
acids. The low natural isotopic abundance of "°C necessitates 
the administration of a "C-labeled substrate to enhance MR 





0 ppm 


Fig. 6.—'H MR spectra from excised contro! canine myocardium (bot- 
tom) and 24-hr ischemic myocardium with moderate flow reduction (41% 
.of control, top). Mobile lipid resonances from ischemic myocardium are 
increased. by a factor of five relative to control myocardium, whereas 
creatine and choline/carnitine resonances are decreased. Peak designa- 
tions: 1 = lactate; 2 = alanine; 3 = creatine (—CH,); 4 = creatine 
(—CH,—) 5 = choline/carnitine; 6 = lipid (—-CH,); 7 = lipid [(—-CH.—),); 
8 = lipid (—CH,—-CH = 0). (Reprinted with permission from Evanochko et 
al. [95].) 
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detection of many of these compounds. In vivo °C MR 
spectroscopy of guinea pig heart metabolism has shown 
natural abundance carbon resonances attributable to fatty 
acids [100]. Infusion of o-[1-"°C] glucose (with insulin) resulted 
in time-dependent accumulation of labeled p-glucose units in 
myocardial glycogen that persisted throughout 2 hr of infusion 
[100]. During infusion of sodium [2-"*C]acetate, additional 
peaks emerged in the spectra, representing incorporation of 
the *C label into glutamate and glutamine [100]. °C MR 
spectroscopy was used in the same animal model to investi- 
gate myocardial glycogen synthesis during infusion of p-[1- 
'8C|glucose and glycogenolysis of the ‘*C-labeled glycogen 
during anoxia [101]. More recently, Malloy and colleagues 
[102, 103] reported a technique for evaluating substrate 
selection and relative metabolic flux through anaplerotic and 
oxidative pathways in the intact heart from °C MR spectra. 
This technique makes use of ‘*C-enriched precursors and 
may be applied to a wide variety of substrates under various 
physiologic conditions. 

Sodium and potassium (the major extracellular and intra- 
cellular cations, respectively) also have been investigated with 
MR spectroscopy. In the heart, energy is expended to main- 
tain specific concentration gradients of sodium and potassium 
across cell membranes. These ionic gradients are responsible 
for the cardiac resting potential and propagation of the elec- 
trical impulse [104]. MR spectroscopy provides a potential 
means to monitor noninvasively the kinetics of sodium and 
potassium ions [104-106] and may be useful for studying the 
basis of cardiac conduction abnormalities. However, the use 
of Na and ®K MR spectroscopy in humans currently is 
hampered by several technical problems. Separation of the 
MR signal from intracellular and extracellular compartments 
has required the use of shift reagents that are confined to the 
extracellular space. Dysprosium, the most commonly used 
shift reagent, thus far has been restricted to animal studies 
because of its toxicity. Another problem is that a substantial 
percentage of intracellular potassium ions (approximately 
80%) are undetectable by MR spectroscopy when current 
techniques are used. “Na and K MR spectroscopy are 
interesting research tools, but their ultimate usefulness will 
depend largely on the success of methods designed to mon- 
itor levels of intracellular ions without shift reagents and to 
detect the “invisible” pool of intracellular potassium ions. 

MR spectroscopy of fluorine, which has a low concentration 
in body tissues, is performed with exogenous administration 
of various fluorocompounds. In vivo animal studies have used 
19F MR spectroscopy to monitor myocardial perfusion after 
the injection of a single bolus of either water-soluble or 
emulsified fluorine agents [107]. "°F MR spectroscopy also 
has potential for monitoring fluorine-labeled compounds of 
metabolic interest in the heart, such as 2-fluoro-2-deoxyglu- 
cose [108]. 


Conclusions 


The excitement surrounding MR spectroscopy arises from 
its ability to monitor the metabolism of intact organs nonin- 
vasively, thereby potentially detecting pathologic processes 
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earlier and with greater sensitivity than other diagnostic tech- 
niques. 

Most of the research on cardiac MR spectroscopy has 
been directed toward myocardial ischemia. Spectroscopic 
investigations of ischemia and infarction have ranged from 
analyses of myocardial tissue samples to image-guided in 
vivo studies of intact animals and humans. The latter studies 
have noninvasively shown metabolic alterations due to myo- 
cardial ischemia, thus confirming the feasibility of clinical 
cardiac MR spectroscopy. 

Thrombolytic therapy, coronary angioplasty, and other 
means of reestablishing blood flow to ischemic myocardium 
have become increasingly prevalent in recent years. The 
success of these techniques underscores the clinical need for 
a reliable method to assess myocardial viability, the effects of 
reperfusion, and the recovery of myocardial physiologic func- 
tion after reestablishment of coronary blood flow [109]. Al- 
though MR spectroscopy may be useful in this regard, the 
task is complicated by the fact that ischemic regions of 
myocardium are histologically heterogeneous, containing cells 
with different degrees of ischemic damage [109, 110]. MR 
spectroscopy may be useful to quantify and characterize 
ischemic myocardium in relatively stable patients with coro- 
nary artery disease, particularly those in whom the severity 
of disease is out of proportion to clinical symptoms. Other 
potential clinical applications include the examination of pa- 
tients with cardiomyopathies [111-113] and patients on car- 
diotoxic drug therapy [114]. Spectroscopy also may be useful 
in the detection of rejection of cardiac allografts and for 
evaluating and guiding therapeutic protocols for a variety of 
cardiac abnormalities. 

Several technical challenges must be overcome for these 
proposed clinical applications of MR spectroscopy to come 
to fruition. Spatial-localization methods must be optimized to 
acquire high-resolution spectra from within well-defined re- 
gions of myocardium without contamination from surrounding 
structures. In addition, the proper balance must be attained 
among several factors that affect the MR signal-to-noise ratio. 
In order to achieve clinical usefulness, spectra must be ac- 
quired from within relatively smal! volumes of myocardium, 
necessitating stringent limitations on voxel size, with accom- 
panying loss of signal. This can partially be compensated for 
with multiple signal averaging; however, the acquisition time 
must be kept within reasonable limits for patient compliance. 
The MR signal-to-noise ratio also is enhanced at higher mag- 
netic field strengths. However, for spectroscopy to be prac- 
tical and cost-effective in the clinical arena, it most likely will 
need to be integrated with MR imaging at field strengths no 
greater than 2 T. 

The question of which element will emerge as the most 
clinically useful for MR spectroscopy of the heart remains 
unanswered. *'P MR spectroscopy has been studied the most 
widely and is currently the closest to clinical use. 'H MR 
spectroscopy, with its high sensitivity and access to a wide 
range of metabolites, has received increasing interest in re- 
cent years and is a promising area for further investigation 
[89]. MR spectroscopy with "°C, 7°Na, K, and ‘°F offers 
additional opportunities for studying myocardial metabolism 
that may yield clinical applications in the future. 
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The usefulness of MR spectroscopy as a research tool has 
been well established. The clinical status of cardiac MR 
spectroscopy is currently investigational, and its eventual 
clinical role is largely speculative. However, research in this 
area has progressed in an encouraging manner. Exploring the 
potential of MR spectroscopy to aid in the treatment of 
patients with cardiac disease presents an exciting challenge 
for future research. 
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Manual of Diagnostic Imaging. A Clinician’s Guide to Clinical Problem Solving, 2nd ed. Edited by William H. 
Straub. Boston: Little, Brown, 373 pp., 1989. $24.50, softcover 


This softcover 373-page manual is designed to help medical stu- 
dents “use diagnostic imaging studies more effectively in the presence 
of continued costly technologic developments in diagnostic imaging, 
and ever-increasing pressures on the physician to control cost.” The 
first 26 pages deal with cost-benefit considerations, choosing and 
evaluating diagnostic examinations, the relative strength and limita- 
tions of diagnostic imaging studies, and the proper sequencing of 
these studies. Intravascular contrast agents are discussed, as is the 
concept of the radiologist as a consultant. The chapter on strengths 
and limitations of diagnostic imaging studies goes through each 
technique and discussses its advantages and disadvantages. 

The remainder of the book is divided into chapters on the various 
organ systems (e.g., CNS, gastrointestinal system). Clinical problems 
are presented for each system (e.g., head trauma, cervical spine 
trauma, headaches). The first paragraph of each specific problem 
summarizes its incidence, describes the proper clinical management, 
and discusses the proper imaging procedure. Most of the workup of 
the clinical problems is summarized then in an algorithm. Each disease 
is well referenced. 

Chapter 2, “Choosing and Evaluating Diagnostic Examinations,” 
addresses the statistical evaluations and the probability theory as 
applied to the diagnostic tests. The authors of this chapter think that 
probability theory is not applicable because precise knowledge of the 
sensitivity and specificity of each test is not known. Although | agree 
in part (we do know the sensitivity and specificity of a number of 
tests), our major lack of knowledge is not knowing precisely, in many 
instances, the pretest probability. 

The section on the update of newer technologies is excellent. The 

first part, by Gerald Wolf, is on MR imaging and spectroscopy. It 
` leads to “the simplest generalities for selecting between x-rays and 
MRI for the detection of disease,” and gives three rules as follows: 
“(1) When the disease is revealed by changes in bone or air—use x- 
rays; (2) when the disease is revealed by changes in soft tissue— 
use MRI; (3) as fat is seen well by either CT or MRI, it provides useful 
contrast in either modality.” A succinct discussion of T1s, T2s, TRs, 
and TEs and then good examples of what sort of planes and thick- 
nesses should be used for different clinical diseases (e.g., multiple 
sclerosis vs a pituitary tumor) are given. Most important from our 


standpoint are the following remarks: “It becomes crucial for the 
radiologist to have excellent clinical information before he attempts 
to perform MRI. For example, a request to rule out brain pathology 
would miss multiple sclerosis if the pituitary protocol is performed 
and vice versa. A request to rule out cord pathology requires three 
imaging periods and costs three times as much as a request to rule 
out C6-7 disk.” After this material the section has a table of two 
pages that compares MR and other imaging techniques. The subject 
of contrast agents for MR imaging is well discussed. | was surprised 
at the statement that “for most intracerebral processes, enhanced 
MRI alone may be sufficient.” The conventional teaching has been 
that nonenhanced followed by enhanced MR imaging would be 
appropriate. 

The next sections discuss positron emission tomography (PET) 
and single-photon emission CT (SPECT). These sections were written 
by Drs. Tauxe and Straub. They compare stationary SPECT systems 
with rotating SPECT systems and the resolution of SPECT vs that 
of PET. (The resolution of PET is within 4-5 mm, whereas that of 
SPECT is 4-14 mm. For comparison, MR imaging has a resolution 
of 1 mm.) 

Another recent book in this field is Decision Making in Imaging by 
Kuhns, Thornbury, and Fryback (Year Book Medical, 1989). It has 
more than 800 pages and is designed to persuade both clinicians 
and radiologists to add numerical, diagnostic probabilities to their 
clinical judgment. It has eliminated mathematical computations for 
probability by providing tables and a slide rule. The book by Kuhns 
et al. is clearly an extension of the book by Straub. 

Manual of Diagnostic Imaging is an excellent book for medical 
students, general medical and pediatric residents, and radiology 
residents and fellows. The nature of the book demands simplification 
of the controversies, but this is good when the goal is to obtain an 
overall, fairly comprehensive approach to the workup of a patient. 
This text would be a good starting point in using probability theory 
to guide clinical workups. 


Thomas L. Siovis 
Children’s Hospital of Michigan 
Detroit, MI 48201 
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Pancreas Transplant Imaging: An Overview 


Robert A. Low,’ Christopher C. Kuni, and Janis Gissel Letourneau 





There are more than one million insulin-dependent diabetics 
in the United States. More than 50% of type | diabetics have 
retinopathy, nephropathy, or neuropathy within 20 years of 
the onset of the disease [1]. Pancreatic transplantation is 
undertaken in selected patients in an attempt to prevent, 
arrest, or reverse progression of these complications [1, 2]. 
The first human pancreas transplantation was performed in 
1966. Through June 1989, 2004 pancreas transplantations 
have been reported at 128 institutions [3]. Improved surgical 
techniques combined with increasingly efficacious immuno- 
suppression have led to continuous improvement in function 
of pancreatic grafts and survival rates of patients. For the 3- 
year period 1986 through 1988, 1-year graft function and 
recipient survival rates were 54% and 87%, respectively [4, 5]. 

Surgical techniques in pancreatic allografting have evolved 
considerably [1, 2, 6]. All live donor grafts are necessarily 
segmental (Fig. 1). A whole or segmental graft may be ob- 
tained from a cadaver (Figs. 1-3). Whole pancreas transplan- 
tation is preferred over segmental transplantation because of 
the theoretically lower risk of thrombosis in whole grafts, 
which have a higher blood flow, and because of the larger 
beta-cell mass available [1]. 

Revascularization of the pancreatic graft usually is accom- 
plished through anastomoses with the iliac vessels (Figs. 1- 
3). However, revascularization of the graft is occasionally 
done with anastomoses made to the recipient splenic or 
inferior mesenteric vessels, permitting the venous effluent to 
drain into the portal venous system; no metabolic advantage 
has been shown with these variations [1]. 


Numerous techniques have been used to manage exocrine 
secretions in pancreas transplants, including duct ligation and 
free intraperitoneal drainage: These methods generally have 
been abandoned, as have synthetic polymer ductal injection 
and exocrine drainage to recipient ureter and stomach. Both 
segmental and whole pancreas grafts typically are drained to 
either small bowel (Fig. 1) or bladder (Figs. 2 and 3); bladder 
drainage is now the preferred technique [1, 4, 5]. Bladder 
exocrine drainage appears to minimize leaks and facilitates 
urinary monitoring of pancreatic exocrine function. 

Complications of pancreatic transplantation are common 
and are associated with a substantial risk of patient morbidity 
or mortality [2]; the clinical setting is often nonspecific and it 
is not uncommon for there to be coexisting complications. 
Rejection is the most common cause of endocrine failure, 
occurring in up to 35% of pancreas transplants [1, 2]. Pan- 
creatic or peripancreatic abscess is a life-threatening problem, 
often requiring transplant pancreatectomy, and is seen in 8- 
22% of recipients [2, 4]. Thrombosis leads to graft failure in 
12% of pancreas grafts [4]. Other complications include pan- 
creatitis and fluid collections such as hematomas, lympho- 
celes, urinomas, pseudocysts, diffuse pancreatic ascites, 
and leaks at the exocrine anastomoses. Posttransplantation 
complications are most easily considered in terms of three 
categories related to diagnostic imaging: parenchymal abnor- 
malities, pancreatic or peripancreatic fluid, and vascular com- 
plications. 

The goal of imaging of the transplanted pancreas is to 
characterize complications and to guide percutaneous aspi- 
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Fig. 1.—Drawing shows technique of seg- 
mental pancreas graft transplantation. Pan- 
creatic segment is obtained from live donor or 
cadaveric donor from whom liver is also har- 
vested. Pancreas is divided at level of donor 
portal vein. Body and tail of graft are harvested 
with splenic artery and vein, which are anasto- 
mosed to recipient iliac vessels (arrows). Cut 


Fig. 2.—Drawing shows whole pancreas graft 
from cadaveric nonliver donor. Carrel aortic patch 
(straight arrow), including origins of celiac axis 
and superior mesenteric artery, is anastomosed to 
recipient iliac artery; native pancreatic arterial sup- 
ply is left intact. Portal vein (curved arrows) drains 
to recipient iliac vein. Patch of donor duodenum is 
anastomosed to bladder. 


Fig. 3.—-Drawing shows whole pancreas graft 
from cadaveric liver donor. Small patch of aorta 
containing superior mesenteric artery is anasto- 
mosed to recipient iliac artery. Donor splenic 
artery is anastomosed to donor superior mes- 
enteric artery (open arrow). Gastroduodenal ar- 
tery is ligated at its origin. Portal vein is sec- 
tioned just beyond termination of splenic vein. 


end of graft is intussuscepted into Roux-en-Y 
limb of recipient jejunum. Pancreatic stent is 
placed in the duct and eventually will pass 
through the intestine. 


ration or drainage of associated fluid collections. Nuclear 
medicine, sonography, CT, MR imaging, and angiography 
have been used to evaluate posttransplant complications. In 
this review, we summarize the often complementary capabil- 
ities of these imaging techniques. 


Imaging Techniques 


Several scintigraphic techniques can be used to differen- 
tiate normal from abnormal pancreas allografts. °°’Tc-sulfur 
colloid, 'in-labeled platelets, and °°"Tc-DTPA have some 
value in differentiating rejection from other pathologic changes 
in the graft [7-10]. °°"Tc-DTPA is used frequently to study 
pancreas transplants because it can be used for perfusion 
studies and because study of coexisting renal transplants 
frequently is needed. Twenty millicuries (740 MBq) of *°"Tc- 
DTPA are administered IV, and 16 serial 2-sec images are 
followed by an immediate 500,000-count static image. Image 
variables examined are (1) time delay from peak iliac arterial 
to peak pancreatic activity; (2) relative intensities of arterial 
and pancreatic peak activity on perfusion and static images; 
and (3) changes in size, homogeneity, and definition of the 
pancreas over serial studies. 

Sonography is used frequently for noninvasive imaging of 
pancreas transplants when fever, abdominal pain, abdominal 


Segment of donor iliac vein is anastomosed to 
donor portal vein stump (solid arrow) to provide 
venous conduit of sufficient length for anasto- 
mosis to recipient iliac vein. Whole segment of 
donor duodenum is anastomosed to bladder. 


distension, or laboratory evidence of graft dysfunction is 
present [2, 11]. Longitudinal and transverse sonography of 
the graft is performed. Distension of the urinary bladder 
facilitates the sonographic examination by elevating bowel 
loops out of the pelvis and distending the donor duodenal 
stump, if one was used. Visualization of the graft may be 
difficult when enteric drainage has been used, as bowel loops 
often completely surround the graft. The peripancreatic region 
and the remainder of the pelvis and abdomen are examined 
to detect the presence of free or loculated fluid. 

Sonography of pancreas transplants should include Dop- 
pler evaluation of the graft vasculature. Arterial and venous 
Doppler signals are obtained throughout the length of the 
extraparenchymal vascular pedicle and within the pancreatic 
parenchyma. Knowledge of the vascular reconstruction of a 
given graft and the use of color Doppler technology facilitates 
this portion of the examination. 

Abdominal and pelvic CT, used primarily to detect fluid 
collections, is done with complete intestinal opacification, 
which aids in separating graft parenchyma or fluid collections 
from adjacent bowel loops [11-14]. IV contrast material is 
administered infrequently, to avoid the risk of nephrotoxicity, 
if native renal function is impaired or if there is a coexisting 
renal transplant. Rescanning the pelvis with retrograde blad- 
der or rectal contrast material may aid in differentiating graft 
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Fig. 4.—Scintigrams of normally functioning transplant. 
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A, Dynamic-phase scintigrams are taken every 2 sec. Pancreatic radioactivity peak (arrow) occurs 2 sec after arterial peak and peak intensities are 


equal. 


B, Static scintigram. Pancreas is homogeneous and well marginated (arrows). 


or fluid from adjacent bowel and bladder and in detecting an 
exocrine leak. 

MR imaging of pancreas allografts generally is performed 
in the coronal plane, permitting simultaneous long-axis imag- 
ing of the renal transplant, if present. T1- and T2-weighted 
spin-echo (SE) images are obtained with a 5-mm slice thick- 
ness. Supplemental T1-weighted axial scans may aid in lo- 
calizing the graft. Respiratory gating of the sequences is 
usually not necessary because of the low pelvic location of 
most pancreas transplants. To date, no systematic evaluation 
of variable flip-angle or other pulse sequences in pancreas 
transplants has been reported. 

Angiography is used primarily to confirm or clarify sus- 
pected vascular thrombosis, anastomotic stricture, or pseu- 
doaneurysm detected by other imaging techniques [9, 15- 
18]. Both intraarterial and IV digital subtraction techniques 
can be used to evaluate graft vasculature. Conventional trans- 
femoral angiography can be performed either from contralat- 
eral or ipsilateral approaches. Conventional angiography with 
a balloon-occlusion catheter is currently the preferred tech- 
nique for evaluation of pancreas transplants at our institution; 
this technique minimizes contrast dose to the patient and 
maximizes opacification of the pancreas transplant vascula- 
ture. 


Pancreas Transplant Imaging 
Normal Appearance 


Isolated °°"Tc-DTPA studies are less accurate in evaluating 
pancreas transplants than are serial studies. A normal study 


is characterized by a delay of the peak pancreatic activity less 
than 4 sec from the arterial peak and by equal arterial and 
pancreatic peak intensities (Fig. 4); however, clinically normal 
function has been reported when no perfusion is detectable 
scintigraphically [9]. A normally functioning, complication-free 
transplant is suggested by serial studies that show constant 
peak timing and peak intensity, pancreatic size, and homo- 
geneity. 

The early posttransplantation appearance of the graft on 
sonography, CT, and MR does not correlate well with endo- 
crine function [9, 13, 14, 17, 19-22], presumably because of 
the effects of preservation injury and the trauma of surgical 
handling. Graft appearance normalizes within several weeks 
after transplantation, if no complications intervene. Once func- 
tion is stabilized, sonographically normal parenchyma has a 
homogeneous medium level of echogenicity similar to that of 
muscle (Fig. 5). Although experience is limited because 
asymptomatic recipients are studied rarely, the CT appear- 
ance of the normal transplant has been described as homo- 
geneous and well marginated, with a density similar to that 
of native pancreas (Fig. 6) [13, 14]. Parenchymal signal inten- 
sity similar to that of normal renal cortex and greater than 
that of muscle on T1-weighted images, and similar to that of 
fat but less than that of urine on T2-weighted images, is seen 
on MR of uncomplicated allografts (Fig. 7A) [9, 17, 22]. The 
pancreatic duct is typically no greater than 2-3 mm in diam- 
eter and frequently is demonstrable only sonographically (Fig. 
5C). Both injections of polymer and stents within the pan- 
creatic duct are detectable with sonography and CT. Surgical 
staples at the ligated ends of the donor duodenum and at the 
duodenocystostomy may be seen on sonography and CT and 
metallic artifacts may be seen on MR. 
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Fig. 5.—Sonograms of normal pancreas transplant with bladder drainage. 


A, Longitudinal sonogram of graft lying medial and anterior to iliopsoas muscle shows homogeneous texture (straight arrows). Iliac wing (curved 


arrows) is posterior. 


B, Transverse sonogram shows similar sonographic features (solid arrows). Venous anastomosis is marginated by bright echoes (open arrows) 


representing surgical sutures. 


C, Longitudinal sonogram shows papilla of Vater (white arrow) projecting into distended donor duodenum. Pancreatic duct (black arrows) courses 


superiorly from papilla. 





Parenchymal Abnormalities 


Changes in graft size may be noted with serial imaging by 
nuclear medicine, sonography, CT, and MR. An increase in 
graft size has been associated with both acute rejection and 
pancreatitis (Figs. 8A and 9) [9, 11, 13, 22-24]. Posttrans- 
plantation recovery, resolution of acute rejection, gradual loss 
of exocrine tissue in endocrine functional grafts, and chronic 
rejection have been cited as causes of decreased allograft 
size [9, 13, 14, 20, 22-25]. Small grafts have been seen with 
normal endocrine function. 

Scintigraphic hallmarks of transplant pathologic changes 
are decreased pancreas intensity in both the perfusion and 
static portions of the study, increased delay between arterial 
and pancreatic intensity peaks in serial perfusion images, 
decreased homogeneity of graft activity, and a change in the 
apparent size of the pancreas [9]. Both rejection and inflam- 


Fig. 6.—CT appearance of normal pancreas 
transplant. 

A, Axis of graft is horizontal. Parenchyma is 
homogeneous with distinct margins (arrows). 
Renal transplant is seen on left. 

B, Lower CT scan shows duodenum filled with 
contrast material (arrows) refluxed from urinary 
bladder. Uterus is posterior to donor duodenal 
stump. 


mation may cause a delayed pancreatic peak of decreased 
intensity, increased graft size, and decreased homogeneity of 
graft activity (Fig. 9) [7, 9, 10, 13]. However, a sensitivity of 
86% has been reported for the diagnosis of rejection in a 
small series [9]. 

An anechoic or hypoechoic graft may be seen sonographi- 
cally in the immediate postoperative period. This appearance 
is nonspecific; it may occur because of rejection or pancre- 
atitis but also may be seen in a normally functioning pancreas. 
Acute rejection reportedly results in an enlarged organ with 
diffuse or patchy foci of decreased echogenicity or anechoicity 
[9, 13, 24]. A sensitivity of 82% has been reported for the 
sonographic diagnosis of acute rejection [9]. Inhomogeneous 
parenchymal echo texture and ductal dilatation have been 
cited as more specific sonographic features. The first is seen 
only in rejection and the second is seen exclusively in pan- 
creatitis [13]. Increased parenchymal echogenicity, particu- 
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Fig. 7.—MR appearance of acute pancreas graft rejection. 

A, Coronal T1-weighted MR image, SE 850/20 (TR/TE), of normally functioning whole pancreas graft 3 weeks after transplantation. Pancreas lies 
obliquely (straight solid arrows), with homogeneous parenchymal signal. Focus of high signal intensity (curved arrow) also had high T2 signal and 
represents subacute hemorrhage. Signal void (open arrow) in graft vasculature is due to flowing blood. Large amount of low-signal pelvic ascites 


surrounds graft. 


B, MR image, SE 850/20, 15 days later shows acute rejection. Focal patch of decreased T1 signal (straight arrow) is present. Focal hemorrhage is no 
longer apparent. Metal artifact (curved arrow) is due to duodenal staples. Free fluid is still present. 
C, T2-weighted MR image, SE 2000/90, corresponding to B shows focal patch of high signal (arrows) in same area as low T1 signal. 


Fig. 8.—CT appearance of acute rejection and 
loculated peritransplant fluid. 

A, Pancreas (arrows) is enlarged and inho- 
mogeneous. Soft-tissue infiltration of peripan- 
creatic fat is minimal and graft margins are fairly 
distinct. Graft pancreatectomy showed acute re- 
jection with necrosis. 

B, Lower scan several days earlier shows 
staple line (straight arrows) at duodenocystos- 
tomy. Loculated fluid, a sterile abscess anterior 
to pancreas (curved arrows), was percuta- 
neously drained under sonographic guidance. 


Fig. 9.—Scintigrams of pancreas transplant 
rejection show enlarged, poorly defined, inho- 
mogeneous, left-sided pancreas graft (arrows). 
Renal transplant is present on right. 

A, Early perfusion scintigram. 

B, Immediate static scintigram. 
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larly when associated with decreased graft size, indicates 
chronic rejection. Pancreatic calcifications occasionally are 
identified as brightly echogenic foci with posterior acoustic 
shadowing. 

The use of Doppler technology may aid in diagnosing acute 
rejection. Analogous to the situation in renal transplants, 
impaired diastolic flow may indicate the presence of acute 
rejection (Fig. 10). Unfortunately, this technology has limited 
specificity in the diagnoses of renal transplant dysfunction 
and has been assessed in only small series of pancreas grafts 
in which histopathologic correlation has been minimal. Two 
recent reports [26, 27] suggest that an increase in the Doppler 
resistive index, a quantitative measure of vascular impedance, 
may be valuable in the diagnosis of acute pancreas transplant 
rejection. A parenchymal resistive index of 0.70 or greater 
had a sensitivity of 76% and a specificity of 100% in diagnos- 
ing acute rejection. 

Early reports on CT of pancreatic transplants described 
variable success in visualizing duct-occluded and bowel- 
drained grafts that were placed high within the pelvis [12, 24, 
25]. When bladder drainage is used, poor or no visualization 
of the graft is uncommon. Parenchymal abnormalities seen 
on CT include variable degrees of graft inhomogeneity, focal 
areas of increased attenuation and inhomogeneity, and soft- 
tissue infiltration of the peripancreatic fat (Fig. 8A) [11-14]. 
These findings, typically suggestive of pancreatitis, are non- 
specific and may be seen with peripancreatic infection, hem- 
orrhage, exocrine leakage, graft thrombosis, and even rejec- 
tion. However, pathologically proved parenchymal infarction 
and necrosis, pancreatic abscess, and a large pseudocyst 
were seen to evolve on serial scans in three patients with 
acute rejection diagnosed clinically; the end-stage graft ap- 
peared as a pancreatiform mass of water attenuation [14]. 
Focal areas of decreased attenuation have been shown path- 
ologically to represent abscesses and parenchymal infarction 
with cystic necrosis [12, 14]. Focal areas of increased atten- 
uation have been attributed to intraparenchymal hemorrhage, 
though no pathologic verification was included (Fig. 11C) 
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Fig. 10.—Normal Doppler findings of pan- 
creas graft vasculature. 

A, Arterial waveform is typical of low-imped- 
ance system with continuous diastolic flow. 

B, Venous flow within vascular pedicle of graft 
is continuous. 


[11]. Pancreatic duct calcification seen on CT also has been 
described. 

In contrast to the lack of specificity of CT, initial results in 
a small group of patients suggest that MR may be capable of 
making more specific diagnoses. Vahey et al. [20] reported 
an increase in the mean T2 value of the graft parenchyma 
during acute rejection, presumably because of tissue edema. 
However, in their study, all scans were obtained within 1.5 
months after transplantation, when persistent postoperative 
edema might be expected. 

In another study, patterns of parenchymal signal change 
on MR were correlated with the clinical diagnoses [22]. 
Acutely rejecting grafts showed decreased T1 signal similar 
to that of muscle and increased T2 signal equal to or greater 
than that of urine (Fig. 7). These abnormal signal intensities 
were usually multifocal, although these findings were seen 
also in several patients without clinical manifestations of 
rejection. During recovery from rejection, the parenchymal 
signal returned to normal or formed focal areas of high T2 
signal, thought to represent pseudocysts. An earlier report 
[9] by this group cited a sensitivity of 100% and a specificity 
of 76% for MR in the diagnosis of acute rejection. Most 
importantly, the negative predictive value of a normal-appear- 
ing graft was 100%. False-positive examinations occurred in 
the immediate postoperative period or with resolution of acute 
rejection. Thus, signal changes seen during acute rejection 
may persist beyond treatment. In contrast, chronic rejecting 
grafts were small, with both decreased T1 and T2 signal. 
These studies are limited by their dependence on the clinical 
diagnosis and the lack of histopathologic correlation for cat- 
egorizing complications. 


Fluid Collections 


Detection of complicating abdominal or pelvic fluid can be 
accomplished with sonography, CT (Figs. 8 and 12), and MR 
(Fig. 7). Peripancreatic fluid is the most common abnormality 
seen on sonography or CT after pancreas transplantation [11, 
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Fig. 11.—Graft thrombosis and parenchymal 
necrosis. 

A, Initial °"Tc-DTPA flow study shows normal 
flow to midline pancreas (arrows). 

B, Perfusion study 3 days later fails to show 
graft. 

C, CT scan obtained on same day as B shows 
graft is enlarged and markedly inhomogeneous 
(straight arrows). Focal areas of high attenuation 
within graft are thought to represent hemor- 
rhage. Small amount of peritransplant fluid 
(curved arrows) is present anterior and lateral to 
graft. 

D, Balloon-occlusion angiogram obtained on 
same day shows internal iliac artery projecting 
to right of catheter on this steep oblique view. 
Proximal segments of donor celiac axis (straight 
arrow) and donor superior mesenteric artery 
(curved arrow) are minimally opacified down- 
stream from Carrel patch, reflecting high resis- 
tance to flow within graft. No arterial occlusion 
or thrombus was identified. Further opacification 
of graft arteries could not be obtained. 


Fig. 12.—CT cystogram of duodenal stump 
leak. 

A, CT scan without bladder contrast material 
shows large amount of complex fluid in deep 
pelvis (straight arrows) and linear collection of 
fluid in anterior pelvis (curved arrows). Part of 
graft is seen in mid pelvis. Renal transplant is 
present on left. 

B, After administration of bladder contrast 
material, extravasation into anterior fluid collec- 
tion (arrow) is seen from right side of donor 
duodenal stump. Fluid was drained and leak was 
repaired at surgery. 


12, 14, 17, 19, 22-24]. Free ascites may be present in various 
amounts; the largest accumulations are pancreatic ascites 
commonly seen when exocrine secretions were drained di- 
rectly to the peritoneal cavity. Frank intraparenchymal fluid is 
shown occasionally, although its significance has not been 
well characterized. 

The character of extrapancreatic fluid often cannot be 
established. However, CT may show gas bubbles or focal 
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areas of relatively high attenuation within a fluid collection, 
suggesting abscess or hemorrhage, respectively. Additionally, 
a specific diagnosis of exocrine leak can be made on the 
basis of CT findings when extravasated bladder contrast 
material is detected either in a focal fluid collection or within 
ascites (Fig. 12). Alternatively, fluoroscopic cystography may 
be performed for precise localization of the site of leakage 
[28]. 


20 LOW ET AL. 


Specific characterization of certain posttransplantation fluid 
collections is possible with MR. Both intra- and extraparen- 
chymal hemorrhage or hematoma can be diagnosed when 
the short T1 and long T2 signal of subacute blood is present 
(Fig. 7B). A recent report [22] describes the progression of 
intraparenchymal foci of high T2 signal, seen during acute 
rejection, to smoothly marginated areas of even higher T2 
signal that presumably represent pseudocysts. The resorption 
of intraparenchymal hemorrhage or pseudocyst may result 
eventually in an area of low T1 and low T2 signal, probably 
due to either hemosiderin formation or fibrosis. 

Posttransplantation fluid collections ultimately require per- 
cutaneous aspiration and microbial analysis for precise char- 
acterization. Percutaneous catheter drainage of abdominal 
fluid collections after pancreas transplantation was successful 
in retaining a functional graft and avoiding repeat surgery in 
only 31% of patients in one series [29]; sonographically or 
CT-guided percutaneous aspiration obtained diagnostic ma- 
terial in all cases, however. 


Vascular Complications 


Vascular thrombosis results in nonvisualization of the pan- 
creas graft on perfusion scintigraphy (Figs. 11A and 11B) [7, 
9, 10, 13]. °°"Tc-labeled RBCs have been used for pancreas 
transplant imaging but offer no significant advantage over 
°°™T¢-DTPA except with active hemorrhage [30]. On the other 
hand, °°"Tc-labeled RBCs are theoretically inferior to °°"Tc- 
DTPA in evaluating edema associated with rejection or pan- 
creatitis because of the nondiffusibility of RBCs. 

Doppler sonography is capable of detecting major vascular 
complications in pancreatic grafts, such as vascular throm- 
bosis, anastomotic strictures, and pseudoaneurysms [18]. 
Doppler identification of arterial and venous flow within the 
vascular pedicle of the graft, and within the graft parenchyma, 
indicates that the graft vasculature is patent. Inability to detect 
arterial or venous flow with Doppler imaging may reflect 
primary vascular thrombosis (Fig. 13); alternatively, it may be 
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due to other parenchymal processes, such as rejection or 
pancreatitis, or even to technical difficulties, such as obesity. 
In one case of proved graft thrombosis, no Doppler signal 
could be obtained from anywhere along the graft; in another, 
signals were obtained from the graft vessels in the anasto- 
motic region but not from the parenchyma [27]. Two cases 
of pathologically proved venous thrombosis in nonfunctioning 
grafts have been reported [26], both of which had no venous 
Doppler signal in the presence of arterial flow. Studies show- 
ing high velocity or turbulence at the arterial or venous anas- 
tomoses suggest stenoses. Additionally, Doppler evidence of 
arterial flow within a perianastomotic fluid collection suggests 
a complicating pseudoaneurysm [18]. 

The larger vessels of the transplanted pancreas have been 
shown on both unenhanced and IV contrast-enhanced CT 
and are seen easily on MR. However, CT is of little value in 
assessing vascular patency [14]. Patency of the graft vessels 
is apparent on MR when a prominent flow void is shown, but 
thrombosis may be difficult to differentiate from slow flow in 
some instances (Fig. 7A) [31]. The usefulness of MR in the 
diagnosis of vascular complications has not been explored. 

Angiography of the transplanted pancreas has been de- 
scribed for small numbers of patients. Arterial irregularities 
and stenoses, diminished parenchymal opacification, and pro- 
longed circulation of contrast material have been reported in 
two patients with rejection [32]. These abnormalities were 
unevenly distributed in one case. Another report [33] of 30 
arteriograms in duct-occluded segmental allografts described 
five angiographic patterns, none of which correlated with 
rejection. Nonvisualization of the graft vessels was not spe- 
cific for graft failure, as two of 12 patients with this pattern 
maintained normoglycemia (Fig. 11D). Only normal arterio- 
grams correlated with normal graft function. 


Conclusions 


Pancreas transplantation, although increasingly effective 
therapeutically, has a relatively high complication rate. As the 


Fig. 13.—Arterial and venous thrombosis. 

A, Graft is markedly echogenic and inhomo- 
geneous (straight arrows) on sonogram. Artery 
supplying graft (curved arrow) is anastomosed 
to recipient iliac artery. 

B, Doppler signal in graft artery shows sharp 
systolic peaks and reversal of diastolic flow (ar- 
rows) in contrast to normal arterial flow seen 3 
days earlier. No Doppler signal could be obtained 
from graft vasculature 4 days later. Pancreatec- 
tomy revealed arterial and venous thrombosis 
with hemorrhagic necrosis. 


we 
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clinical setting is commonly nonspecific, imaging is done to 
help characterize these complications. Nuclear medicine, so- 
nography, CT, and MR are all sensitive in detecting parenchy- 
mal abnormalities and changes in graft size and margination 
but currently are not capable of detecting rejection early 
enough in its development to have a meaningful impact on 
therapy. Some exceptions to this generalization may be evolv- 
ing; preliminary results suggest that duplex Doppler sonog- 
raphy may be specific in the diagnosis of acute rejection, and, 
if clinical and imaging findings are ambiguous, a normal MR 
finding essentially excludes rejection. 

Sonography, CT, and MR are all capable of showing post- 
transplantation fluid. Specific characterization of fluid may be 
possible in certain instances, but diagnostic aspiration is 
required to exclude infection. Conventional or CT cystography 
permits diagnosis of leaks at the duodenal stump or 
anastomosis. 

Nuclear medicine, duplex sonography, and, potentially, MR 
can be used to diagnose vascular thrombosis, with angiog- 
raphy used to confirm suspected thrombosis. Pseudoaneu- 
rysms can be shown by using duplex sonographic techniques, 


but generally angiography is required for preoperative , 


planning. 

Reports evaluating the capabilities of nuclear medicine, 
sonography, CT, MR, and angiography for accurate diagnosis 
of pancreas transplantation complications are scarce, and the 
majority share common fiaws. Imaging findings usually are 
correlated with the clinical diagnosis or with histopathologic 
data from a coexisting renal transplant. Even the second 
method of diagnosis can be inaccurate, as recent evidence 
suggests that renal and pancreatic rejection can occur dis- 
cordantly [22, 34]. Systematic correlation of radiologic find- 
ings with histopathologic data has not been possible, in part 
because safe percutaneous biopsy techniques for pancreas 
grafts have not been developed. Pathologic data obtained 
from later surgical resection of an end-stage graft may not 
reflect the underlying pathologic changes present at an earlier 
imaging study. Ultimately, delineation of the role of imaging 
awaits further characterization of the range of normal graft 
appearances, as well as pathologic correlation with large 
numbers of dysfunctional grafts. 
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Book Review 


The Radiologic Clinics of North America. Cardiopulmonary Imaging. Guest Editor: Stephen W. Miller. Philadelphia: 
Saunders, November 1989;27(6):1059-1282. $25; by subscription, 6 issues annually for $93 


The November 1989 issue of The Radiologic Clinics of North 
America showcases the latest advances in imaging techniques and 
therapeutic interventions in thoracic radiology. The divisions of ra- 
diology previously arranged by organ systems have dissolved, argues 
guest editor Stephen W. Miller. New radiologic specialties, he claims, 
are realigning (e.g., cardiovascular angiography and pulmonary ra- 
diology are known now as cardiopulmonary medicine). | certainly will 
not take up the “splinter” or “joiner” argument (the world is divided 
into two groups: those who want to divide into two groups and those 
who do not). At any rate, this arrangement affords a wider than usual 
array of articles to snuggle under these covers. 

The section on pulmonary diseases and diagnostic techniques 
contains the following chapters: “Pulmonary Infections in the Immu- 
nocompromised Host,” “Detection of Thoracic Infections by Nuclear 
Medicine,” “Techniques in the Acquired Immunodeficiency Syn- 
drome,” “Pulmonary Lymphoproliferative Disorders,” “High-Resolu- 
tion CT of the Lung Parenchyma,” and “MR Imaging in the Manage- 
ment of Thoracic Malignancies.” The section on diagnostic cardiac 
imaging includes “Imaging Pericardial Disease,” “Congenital Anoma- 
lies of the Coronary Arteries: Classification and Significance,” “The 
Spectrum of Heterotaxis Syndromes,” “MR Imaging of Congenital 
Anomalies of the Thoracic Aorta and Pulmonary Arteries,” and “Dy- 
namic Cardiac MR Imaging: Techniques and Applications.” The last 


section, on cardiopulmonary interventional techniques covers “Inter- 
vention in Acute Myocardial infarction,” “Laser Angioplasty,” “Inter- 
ventional Catheterization in Congenital Heart Disease,” “The Patho- 
genesis, Radiologic Evaluation, and Therapy of Pleural Effusions,” 
and “Pleural Interventions: Indications, Techniques, and Clinical Ap- 
plications.” 

Almost all material has been treated elsewhere, and most chapters 
(e.g., “Laser Angioplasty” and “Interventional Catheterization in Con- 
genital Heart Disease”), although providing a good overview, are not 
detailed enough for the reader to attempt a do-it-yourself approach. 
Other chapters are exceptional. Roderic Pettigrew's chapter, “Dy- 
namic Cardiac MR Imaging,” is one of many excellent articles detailing 
difficult topics. Lamentably, many of the radiographs, CT scans, and 
MR images are reproduced poorly. 

Dr. Miller is noble in his attempt to cover such a wide gamut of 
topics. Unfortunately, not many individuals can absorb all this complex 
information. To the cardiopulmonologist, pulmonary radiologist, or 
cardiovascular angiographer, many of these articles will be worthy 
reference material. 


Lee B. Milner 
Bluefield Regional Medical Center 
Bluefield, WV 24701 
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Acute Lung Rejection After Heart- 
Lung Transplantation: Correlation of 
Findings on Chest Radiographs with Lung 
Biopsy Results 


This retrospective study was performed to determine if the chest radiograph could 
serve as a predictor for acute lung rejection in heart-lung transplantation patients. The 
findings on chest radiographs were correlated with the results of transbronchial biopsies 
in 16 heart-lung transplantation patients. The chest radiographs immediately preceding 
83 biopsies were evaluated for a variety of findings. The histopathologic results of the 
lung biopsies were divided into five categories: (1) acute lung rejection {n = 25); (2) 
suggestive, but not diagnostic, of acute lung rejection (n = 8); (3) nonspecific (n = 26); 
(4) infection (n = 17); and (5) normal lung {n = 9). Biopsies from two patients showed 
both acute lung rejection and cytomegalovirus infection and were included in both 
categories. These histopathologic results were then correlated with the radiologic 
observations. 

We found that the combination of septal lines and new or increasing pleural effusions, 
without concomitant increase in cardiac size or vascular pedicle width, or evidence of 
vascular redistribution, indicated acute lung rejection with a sensitivity of 68% (17/25), 
specificity of 90% (52/58), and overall accuracy of 83% (69/83). We conclude that the 
chest radiograph is a useful indicator of acute lung rejection. 


AJR 155:23-27, July 1990 


Acute lung rejection is a common problem in patients undergoing heart and lung 
transplantation [1]. t may occur simultaneously with cardiac rejection or as an 
isolated phenomenon [2-4]. Distinguishing lung rejection from opportunistic infec- 
tion and other pulmonary complications is crucial to planning treatment of patients. 
Features of pulmonary complications seen on chest radiographs of transplanted 
lungs have been described [5, 6], but the role of the chest radiograph in identifying 
acute lung rejection has not been systematically evaluated. 

At Stanford University Medical Center, 66 heart and lung transplantations have 
been performed in 65 patients since 1981. In the last 20 patients, transbronchial 
lung biopsies were performed electively to detect lung rejection or infection at 1- 
to 2-week intervals after transplantation and if patients had respiratory symptoms. 
Serial chest radiographs were available for review in 16 of these patients. 

We evaluated the chest radiographs obtained during the several days preceding 
the biopsy to study features of acute iung rejection and to identify features that 
may distinguish acute lung rejection from infection and other pulmonary complica- 
tions. Twelve of these patients were included in a previously reported study that 
correlated transbronchial biopsy and bronchoalveolar lavage results with pulmonary 
function studies [7]. i 


Materials and Methods 


The 16 patients (eight women and eight men; average age, 27 years) included in the study 
had heart and lung transplantation performed for primary pulmonary hypertension (n = 8), 
Eisenmenger complex (n = 5), cystic fibrosis (n = 2), and pulmonary capillary hemangioma- 
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tosis with bronchiectasis (n = 1). The dates of the bronchoscopy 
procedures were obtained from medical records. Chest radiographs 
were then obtained from the files, including at least one performed 
within 24 hr before bronchoscopy, one or more from the preceding 
3-day period, and one or more from the preceding week. In this group 
of 16 patients, 83 bronchoscopy procedures had correlative radio- 
graphs (although other biopsies were performed for which the radio- 
logic data were incomplete). 

Bronchoscopy was performed with a fiber-optic bronchoscope 
under fluoroscopic control. Multiple transbronchial lung biopsy sam- 
ples were obtained bilaterally, usually randomly from the lower lobes, 
and from areas of abnormality noted on chest radiographs. The 
number of bronchoscopy procedures per patient ranged from one to 
12. Time intervals between sequential procedures ranged from 3 to 
51 days, with a mean of 15 days. On the basis of a retrospective 
review of the clinical records, an attempt was made to determine 
which procedures were done on an emergent basis and which were 
done as part of the routine follow-up protocol. The clinical progress 
notes were generally complete enough to allow this assessment. 
Within the limitations of this evaluation, it was determined that 50 
bronchoscopies were done for routine follow-up and 33 were done 
to investigate acute deterioration in clinical status. 

Histologic findings from the 83 biopsies were divided into five 
categories: (1) acute lung rejection was diagnosed by the presence 
of a perivenular inflammatory cell infiltrate in mild rejection with the 
addition of peribronchial, periarterial, and interstitial infiltrates and 
endovasculitis in moderate and severe rejection (Fig. 1); (2) biopsies 
suggestive, but not diagnostic, of acute lung rejection featured sparse 
perivenular lymphohistiocytic infiltrates; (3) nonspecific included dif- 
fuse alveolar damage and interstitial pneumonitis of unclear cause; 
(4) infection with identification of the causative organisms; and, (5) 
normal lung. Two patients had findings consistent with both acute 
rejection and cytomegalovirus (CMV) infection, and these two patients 
are included in both groups. Classification of acute lung rejection was 
made on the basis of lung histologic findings. The patients for whom 
histologic findings did not indicate rejection, but who responded 
Clinically to drug therapy for clinically suspected acute lung rejection, 
are not included in that group. 

Without knowledge of biopsy results, posteroanterior and lateral 
chest radiographs (or portable anteroposterior chest films depending 
on the patient's clinical status) obtained during the several days 





Fig. 1.—Histologic lung section shows periarteriolar mononuclear infil- 
trate characteristic of acute lung rejection (125x). 
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preceding, and on the morning of, the biopsy were retrospectively 
evaluated for the following features: change in cardiac size, change 
in vascular pedicle width, pleural fluid or thickening, pulmonary vas- 
cular redistribution, pulmonary vascular distinctness, septal lines, 
peribronchial cuffing, subpleural edema, air-space disease, and pul- 
monary nodules. Air-space disease was characterized by confluent 
opacities, some of which contained air bronchograms. Each chest 
radiograph was evaluated concomitantly by at least two, and usually 
by three, chest radiologists. Agreement on the presence or absence 
of these findings, as determined by visual inspection and comparison 
with recent studies, was reached by consensus. 

Clinical findings on the date of the biopsy, obtained by chart review, 
included dyspnea, fever, tachypnea, WBC count, change in weight, 
and drug treatment regimen. Clinical, pathologic, and radiologic ob- 
servations were correlated for each lung biopsy. 


Results 


Findings on chest radiographs in each of the five histopath- 
ologic diagnostic categories are shown in Table 1. 


Acute Lung Rejection 


Acute lung rejection was diagnosed from 25 transbronchial 
biopsies in 12 patients. The number of rejection episodes 
during this study varied from one to three in each of these 12 
patients. Seven of these biopsies were performed on an 
emergent basis in six patients because of symptomatic de- 
terioration; 18 biopsies were from elective procedures in 11 
patients. Twenty of the 25 episodes of acute rejection oc- 
curred within 5 weeks of transplantation. 

Septal lines and new or increasing pleural effusions were 
present on the chest radiographs in 17 (68%) of 25 acute 
rejection episodes. In three patients with histopathologic evi- 
dence of acute lung rejection, the pleural effusions accumu- 
lated so rapidly that chest tubes were inserted, with drainage 
of more than a liter of fluid per day (Fig. 2). Judgment that a 
pleural effusion was new or increasing was based on com- 
parison with chest radiographs obtained before bronchos- 
copy. Septal lines, observed in 19 episodes of acute lung 
rejection, were usually widespread. 

The combination of septal lines and new or increasing 
pleural effusions was uncommon in other histopathologic 
categories: it was seen with one of 17 biopsies showing 
infection; one of eight biopsies that were suggestive, but not 
diagnostic, of acute lung rejection; and four of 26 biopsies 
with nonspecific findings. In three of these six instances, the 
patients were treated for acute lung rejection because of 
highly suggestive clinical findings, and all responded with 
decrease in dyspnea, tachypnea, and fever. 

Using histopathologic correlates only, we found that the 
combination of septal lines and new or increasing pleural 
effusions as an indicator of acute lung rejection was 68% (17/ 
25) sensitive and 90% (52/58) specific. The positive and 
negative predictive values were 74% (17/23) and 87% (52/ 
60), respectively, with an overall accuracy of 83% (69/83). 
Sensitivity and specificity were calculated for 83 biopsies. The 
two biopsies that showed both acute rejection and CMV 
infection were assigned to the acute lung rejection group. 
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TABLE 1: Summary of Radiologic Findings for Each Pathologic Group 





Pathologic Findings 








Radiologic Findings AR SAR Inf Non-Sp Nor 
(n = 25) (n = 8) (n = 17) (n = 26) (n = 9) 
Pleural fluid 
New or increased 17 2 1 6 0 
Stable TA 4 9 9 4 
Septal lines 19 3 5 11 1 
Subpleural edema 10 4 3 8 0 
Cuffing 11 5 6 11 3 
Air-space disease wI 1 9 13 4 
Normal 0 3 1 4 3 
Combination (septal lines and new 
or increased pleural fluid) 17 1 1 4 0 





Note.—AR = acute rejection; SAR = suggestive, but not diagnostic, of acute rejection; Inf = infection; Non-SP = 
nonspecific; Nor = normal lung; n = 83 biopsy episodes (two biopsies diagnosed as both acute rejection and 


cytomegalovirus infection are included in both groups). 





A B 





Fig. 2.—A, Radiograph of 43-year-old heart-lung transplant recipient 17 days after transplantation shows a small pleural effusion. No septal lines are 


seen. 


B, Radiograph made 1 day after A shows increase in pleural fluid and new septal lines. 
C, Radiograph made 1 day after B shows increase in pleural fluid and confluent air-space disease. 


Acute lung rejection was diagnosed in 36% (18/50) of the 
biopsies done on a routine basis, and in 21% (7/33) of the 
biopsies done for emergent reasons. The combination of 
septal lines with new or increasing pleural fluid was noted in 
61% (11/18) of the routine biopsies that showed acute lung 
rejection and in 86% (6/7) of the emergent biopsies that 
showed acute lung rejection. 

Other radiologic abnormalities seen in patients with histo- 
pathologic abnormalities of acute lung rejection were peri- 
bronchial cuffing (11/25), subpleural edema (10/25), and air- 
space disease (11/25). An increase in cardiac size or vascular 
pedicle width, judged by inspection and comparison with 
earlier radiographs, was not seen in these patients. The 
patients’ weights invariably decreased compared with their 
weights at the time of transplantation, further diminishing the 
likelihood of volume overload or congestive heart failure as 
causes of pleural effusion and septal lines. 


Biopsies Suggestive, but not Diagnostic, of Acute Lung 
Rejection 


In eight biopsies, the histologic diagnoses were suggestive, 
but not diagnostic, of acute lung rejection. The combination 
of septal lines and new or increasing pleural effusions was 
seen in only one of these eight biopsies. 


Nonspecific Histopathology 


A combination of septal lines and new or increasing pleural 
effusions was seen in four (15%) of 26 transbronchial biopsies 
that showed nonspecific lung histopathology. Two episodes 
occurred in the same patient; the first biopsy showed thick- 
ened interstitium of unclear cause and 6 days later’@ second 
biopsy showed organizing alveolitis. This patient responded 
to treatment for acute lung rejection. The other two biopsies 
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showed the morphologic features of bronchiolitis obliterans 
with organizing pneumonia in one patient and nonspecific 
changes in one patient. These patients also responded to 
therapy for acute lung rejection. 

Air-space disease, subpleural edema, and peribronchial 
cuffing also were seen on chest radiographs of patients in 
this category (Table 1). In nine of the 26 biopsies showing 
nonspecific histopathology, acute lung rejection had been 
proved by biopsies performed 7-33 days (mean, 22 days) 
earlier. 


Infection 


Results of 17 biopsies indicated lung infection, including 12 
cases of cytomegalovirus infection in six patients, two cases 
of Mycobacterium tuberculosis in one patient, and three cases 
of Pneumocystis carinii in three patients. Air-space disease 
or nodules were the most common findings in 11 of the 17 
patients with pulmonary infection. In the three patients with 
Pneumocystis carinii pneumonia, the chest radiograph was 
normal in one and showed bilateral “ground glass” air-space 
disease in two. Septal lines, multiple nodules, and an increase 
in pleural effusions were noted in the patient from whom 
Mycobacterium tuberculosis was isolated. In one patient with 
CMV pneumonia, a chronic small effusion was associated 
with new septal lines. In four of the remaining 11 cases of 
CMV infection, small chronic or decreasing effusions, but no 
septal lines, were seen. Septal lines were visible in only three 
of the patients with CMV pneumonia, including one patient in 
whom acute lung rejection was diagnosed on the same 
biopsy. 

Two patients had biopsies that showed both CMV pneu- 
monia and acute lung rejection. In one of these cases, the 
chest radiograph showed minimal blunting of one costo- 
phrenic angle with no septal lines. In the second case, the 
chest radiograph showed bilateral pleural effusions and dif- 
fuse septal lines. 


Normal Lung 


The combination of pleural effusions and septal lines was 
not seen on radiographs of any of the patients with normal 
transbronchial biopsy results. 


Discussion 


Accurate diagnosis of acute lung rejection critically influ- 
ences planning of patients’ treatment after heart and lung 
transplantation. Initial treatment of acute lung rejection con- 
sists of pulsed, high doses of Solu-Medrol (Upjohn, Kalama- 
zoo, Mi) for 3 days. Symptoms of acute lung rejection are 
nonspecific and include pyrexia, dyspnea, tachypnea, and 
cough. Pulmonary function tests showing air-flow obstruction 
and small airways disease can suggest acute lung rejection 
[8], but the most definitive evidence of lung rejection has 
been from histologic sections obtained by transbronchial lung 
biopsy {9, 10]. The pathologic findings in acute lung rejection 
are perivascular and peribronchial lymphocytic infiltration. Bi- 
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opsy is subject to the problems of limited sampling with 
respect to heterogeneous lung involvement. Furthermore, 
bronchoscopy with transbronchial biopsy is an invasive pro- 
cedure, with risks including pneumothorax, bleeding, and 
infection in patients whose pulmonary function often is already 
compromised. 

We evaluated the features of acute lung rejection and other 
pulmonary complications seen on chest radiographs of 16 of 
the most recent heart and lung transplant recipients at Stan- 
ford University Medical Center. In this group, bronchoscopy 
with transbronchial biopsy, performed routinely or on an 
emergent basis, provided the opportunity for close histopath- 
ologic-radiologic correlation. We used histology as the “gold 
standard” for acute lung rejection in this study, but our “gold 
standard” had its limitations because of the sampling error 
inherent in transbronchial biopsy. Histologic sections obtained 
during mild rejection may not have shown the pathologic 
abnormalities characteristic of acute lung rejection and may 
have been interpreted as nonspecific, or suggestive, rather 
than diagnostic, of acute lung rejection. Thus, three patients 
responded to treatment for acute lung rejection diagnosed on 
the basis of clinical symptoms and radiologic findings, despite 
nonsupportive histopathologic findings. 

Although pleural effusions have been associated with pul- 
monary rejection, pulmonary opacities or “infiltrates” noted 
on postoperative chest radiographs of heart-lung transplant 
recipients have been considered nonspecific [6]. In our study 
of patients with histologically proved acute lung rejection, the 
most common abnormality on chest radiographs was the 
combination of new or increasing pleural effusions and septal 
lines, which occurred in 17 of 25 cases of acute lung rejection. 
it was also noted in six of 58 cases in which the histologic 
diagnosis was not acute lung rejection. The septal lines most 
likely represent opacities caused by the perivascular (espe- 
cially perivenular) lymphohistiocytic infiltrates shown on his- 
tologic sections in acute lung rejection. Interstitial edema is 
not a prominent histologic feature of acute lung rejection. The 
radiologic appearance of septal lines and new or increasing 
pleural effusions was distinguished from volume overload or 
congestive heart failure by the lack of change in cardiac size, 
vascular pedicie width, or vascular redistribution and by clin- 
ical evidence of decreasing or stable, rather than increasing, 
weight. The combination of septal lines and new or increasing 
pleural fluid occurred in patients examined both for emergent 
and routine indications. This combination occurred more fre- 
quently in the group studied for emergent reasons (86%) than 
in the routine group (61%). However, in this small sample, the 
difference was not statistically significant (p = .4). 

Confluent opacities characteristic of air-space disease also 
were common in acute lung rejection, but this appearance 
was less discriminatory between episodes of rejection and 
infection. The presence of air-space opacities in acute lung 
rejection is probably caused by a combination of confluent 
interstitial opacities and abnormal exudates within alveoli. 
Alveolar exudates on histopathologic sections indicate a more 
severe stage of rejection, but are also identified on sections 
from lungs with infection and other types of pulmonary paren- 


chymal injury. 
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In our series, the appearance of air-space disease in Pneu- 
mocystis carinii pneumonia differed from that of acute lung 
rejection, except in one of the 25 episodes of acute lung 
rejection in which air-space disease was the only observed 
abnormality. In the 12 cases of CMV pneumonitis, septal lines 
were visible in four episodes, but new or increasing pleural 
effusions did not occur. Routine biopsy may detect CMV 
pneumonitis at an early stage before it is clinically sympto- 
matic. Early treatment with ganciclovir may prevent the de- 
velopment of more florid radiologic manifestations of CMV 
pneumonitis. In two patients, both CMV pneumonia and acute 
lung rejection were diagnosed on the basis of lung biopsies. 
One patient had only a small pleural effusion, and the other 
had pleural effusions and septal lines. We suspect that the 
chest radiographs of patients with both CMV pneumonia and 
acute lung rejection will appear similar to those of patients 
with acute lung rejection alone. 

In conclusion, the chest radiograph plays an integral role in 
the postoperative treatment of heart and lung transplant 
recipients. Our study suggests that the combination of new 
or increasing pleural effusions and septal lines (without in- 
crease in cardiac size, change in vascular pedicle, or vascular 
redistribution) suggests acute lung rejection (sensitivity = 
68%, specificity = 90%). The chest radiograph is currently 
used to greatest advantage in combination with bronchos- 
copy because of the additional benefits of transbronchial 
biopsy and bronchoalveolar lavage in detecting pulmonary 
complications other than acute lung rejection, such as infec- 
tion. The chest radiograph may be particularly helpful in 
establishing the clinical diagnosis of acute lung rejection when 
there is reluctance to perform a transbronchial biopsy be- 
cause of respiratory insufficiency, bleeding diathesis, or in- 
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fancy. Furthermore, because of transbronchial biopsy sam- 
pling limitations, patients may warrant therapy for acute lung 
rejection on the basis of clinical and radiologic findings despite 
nonspecific or normal findings on transbronchial biopsy. 
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Case Report 


Pneumoperitoneum with Catamenial Pneumothorax 


Donal B. Downey,’ Mark J. Towers,’ Peter Y. Poon,’ and Peter Thomas? 


Catamenial pneumothorax is recurrent pneumothorax as- 
sociated with menstruation. Several possible causes exist 
[1]. Maurer et al. [2] suggested that it results from air entering 
the peritoneal cavity through the genital tract and tracking 
through a diaphragmatic defect into the pleural space. A major 
problem with this hypothesis is that a pneumoperitoneum has 
never been described in association with catamenial pneu- 
mothorax [3]. We report a patient with catamenial pneumo- 
thorax who had simultaneous pneumoperitoneum on three 
separate occasions. 


Case Report 


A 32-year-old Oriental woman (gravida 0, para 0) had a sudden 
onset of left-sided chest pain. Decreased breath sounds and hyper- 
resonance were noted over the left hemithorax. A posteroanterior 
chest radiograph showed a small left-sided pneumothorax, which 
resolved without intervention. 

During the preceding 3 years, the patient had had a left-sided 
pneumothorax three times. On two occasions, this was treated with 
a chest tube. The patient cannot remember the relationship of the 
first two events to menstruation. The third and fourth pneumothorax 
episodes occurred on the first day of menstruation. Abdominal CT 
performed on that same day showed a small quantity of intraperito- 
neal air on both occasions (Fig. 1). A chest radiograph taken during 
the second pneumothorax, at another hospital, showed a small 
pneumoperitoneum also. 

The patient had never smoked, and her respiratory function be- 
tween episodes was normal. Her menstrual cycle was regular, and 
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she was not using oral contraceptives. Pelvic examination and pelvic 
sonography revealed a retroverted uterus but findings were normal 
otherwise. No evidence was seen of endometriosis. No subpleural 
blebs, bullae, or endometrial implants were shown on thoracic CT 
scans. 


Discussion 


Pneumothorax with associated pneumoperitoneum is rare. 
Glauser and Bartlett [4] reported five cases during a 2-year 
period at a general hospital. When pneumoperitoneum com- 
plicates pneumothorax, the air most often dissects through 
the mediastinum and retroperitoneum. It then ruptures into 
the peritoneal cavity and forms a pneumoperitoneum [4]. This 
occurs during positive pressure ventilation or after trauma or 
surgery to the neck or thorax [4]. Our patient's pneumothorax 
almost certainly did not originate in this way, because none 
of these predisposing factors were present and no retroperi- 
toneal air was identified on CT. 

It is more probable that the pneumothorax and the pneu- 
moperitoneum communicated directly through a diaphrag- 
matic defect. These defects have been seen at surgery in 
about one third of catamenial pneumothorax patients [1], and 
their true prevalence is probably higher [5]. They have been 
shown to permit free passage of air [1]. As intraabdominal 
pressure exceeds intrathoracic pressure by 20-30 cm H20, 
air passage through diaphragmatic defects is virtually always 
from the peritoneal space to the pleural space [4]. Therefore, 
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we believe this patient's pneumoperitoneum preceded her 
pneumothorax. 

The normal genital tract can transmit air under pressure 
into the peritoneal cavity during a tubal patency test, sexual 
intercourse, oral-genital insufflation, douching, and during 
sporting activities such as waterskiing or horseback riding 
[6]. Air also may be sucked in by negative intraperitoneal 
pressure during pelvic examination, during postpartum knee- 
chest exercises, or by bending over [7]. Catamenial pneu- 
mothorax occurs within 2 or 3 days of the onset of menstrua- 
tion. At this time, the mucous plug that usually seals the 
cervical os is absent, theoretically allowing free passage of 
air into the peritoneal space [3]. We believe this to be the 
origin of our patient's pneumoperitoneum. 

Catamenial pneumothorax has been cured by tubal liga- 
tions or hysterectomy [1], providing support for our hypoth- 
esis. However, as catamenial pneumothorax has been de- 
scribed in a few patients after hysterectomy [5], this hypoth- 
esis cannot explain all cases. It has been suggested that 
visceral pleural or pulmonary endometrial implants may slough 
at menstruation, resulting in air leakage from the lung [3]. 
Others think these implants may swell at menstruation, pos- 
sibly blocking the tributary bronchiole and causing local hy- 
perinflation and subsequent pleural rupture. Rupture of sub- 
pleural blebs that, for some unknown reason, recurred at 
menstruation has been shown at surgery to be another cause 
[3]. High levels of prostaglandin F2. occurring at menstruation 
may cause severe constriction of vascular and bronchiolar 
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Fig. 1.—A and B, Abdominal CT scans taken 
during patient’s third (A) and fourth (B) cata- 
menial pneumothoraces. Both show a small 
amount of intraperitoneal air (black arrows). A 
left-sided pneumothorax also is shown (white 
arrows). 
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muscle. This may lead to alveolar damage and subsequent 
air leakage [3]. None of these mechanisms would, however, 
be expected to produce a pneumoperitoneum. 

Our demonstration of concurrent pneumoperitoneum with 
catamenial pneumothorax supports the theory that this con- 
dition may result from air migrating at menstruation through 
the genital tract, through the peritoneal cavity, and through a 
diaphragmatic defect into the pleural cavity. Pneumoperito- 
neum probably will be seen more frequently in these patients 
if CT is performed. 
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Technical Note 


A One-Piece Unit for Treatment of Pneumothorax 
Complicating Needle Biopsy: Evaluation in 10 Patients 


Paul L. Molina,’ Steven L. Solomon, Harvey S. Glazer, Stuart S. Sagel, and Dixie J. Anderson 


Pneumothorax remains the most common complication of 
transthoracic needle aspiration biopsy despite advances in 
needle design, improved radiologic guidance, and increased 
experience with the technique [1]. Treatment of postbiopsy 
pneumothorax, when necessary, has traditionally been with 
large-bore (22- to 32-French) chest tubes. Several reports, 
however, indicate that postbiopsy pneumothoraces can. be 
treated easily and effectively by using percutaneously inserted 
small catheters (7- to 9-French), often attached to a Heimlich 
one-way drainage valve [2-7]. We describe our initial experi- 
ence with a new one-piece, commercially available pneumo- 
thorax treatment device, the Tru-Close Thoracic Vent (UreSil 
Corporation, Skokie, IL). 


Materials and Methods 


The True-Close Thoracic Vent is shown in Figure 1. it consists of 
a flexible, radiopaque, 7-cm-long, 12-French silicone drainage’ cathe- 
ter connected to a small rectangular acrylic vent. The vent contains 
a red signal diaphragm and a self-sealing port in line with the catheter, 
a one-way flutter valve to prevent air reflux, and a hydrophobic filter 
to help maintain a system that is closed to ambient atmosphere. ‘The 
thoracic vent and adjoining side flaps have an adhesive backing with 
peel-away paper covers for attachment to the chest wall. A grooved 
trocar, 60-ml syringe, „and valved aspiration cannula for mangal air 
evacuation also are provided. 

The catheter is introduced in the second anterior intercostal space 
iñ the midclavicular line immediately above the superior border of the 


Received January 3, 1990; accepted after revision February 6, 1990. 


third rib. Once the appropriate skin entry site is determined, aided by 
fluoroscopic guidance, the skin is shaved (if necessary) and then 
cleansed with a germicidal agent such as lodophor-PVP included in 
the kit. After anesthesia with 1% lidocaine HCI, a skin incision is 
made with a number 11 blade and the subcutaneous tissues are 
spread with a clamp. The trocar is introduced into the catheter 
through the self-sealing port of the thoracic vent. When in proper 
position, only the point of the trocar should extend beyond the tip of 
the catheter. While maintaining pressure on the trocar handle with 
one hand, one advances the trocar/catheter assembly with the other 
hand through the prepared skin incision, staying immediately above 
the superior border of the rib. When the catheter tip crosses the 
pleura and enters the pleural space, decreased resistance is felt, and 
the red signal diaphragm deflects upward if a pressure of greater 
than 2 mm Hg (2.72 cm of water) is transmitted through the catheter 
and retracts if a pressure of less than ~2 mm Hg (—2.72 cm of water) 
is transmitted through the catheter. Once within the pleural space, 
the trocar is removed as the full length of the catheter is introduced. 
The paper covers of the adhesive backing on the thoracic vent and 
its side flaps are peeled away, and the entire device is securely affixed 
to the chest wail. 

~ After the catheter is placed, the aspiration cannula provided in the 
kit is Inserted through the self-sealing port. This cannula contains two 
one-way valves and can be attached to a syringe for easy manual 
aspiration of the pleural space (Fig. 1B). The pneumothorax is gently 
aspirated until mild resistance is encountered and/or the patient 
complains of pain, usually signifying contact-of-visceral pleura against 
parietal pleura as ‘the lung is reexpanded. The.aspiration’cannula is 
removed and a posteroanterior expiratory chest radiograph is ob- 
tained immediately after evacuation of the pneumothorax. When total 
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reexpansion of the lung or minimal residual pneumothorax that does 
not increase in size is seen on follow-up radiogranhs, the catheter 
and vent are removed during an expiratory breath, petrolatum gauze 
is immediately placed over the insertion site, and an occlusive dress- 
ing is applied. A follow-up chest radiograph is obtained after catheter 
removal. 

From November 1988 to September 1989, the Tru-Close Thoracic 
Vent was used in 10 patients with pneumothorax complicating trans- 
thoracic needle aspiration biopsy requiring treatment. They included 
eight men and two women, ranging in age from 37 to 82 years, with 
an average age of 59 years. 


Results 


Of the 10 patients in the study group, nine (90%) were 
successfully treated with the Tru-Close Thoracic Vent with 
complete or near-complete resolution of the pneumothorax. 
One of these nine patients required a second thoracic vent, 
because the first vent was inadvertently advanced into the 
subcutaneous tissues. In this patient, deflections of the red 
signal diaphragm were seen at the time of trocar insertion, 
indicating initial placement of the catheter tip in the pleural 
space. However, the catheter/trocar assembly presumably 
was withdrawn slightly (out of the pleural space) just before 
the catheter was advanced over the trocar, resulting in its 
improper placement into the subcutaneous tissues. In the 
remaining patient, treatment was initially successful but the 
patient developed dyspnea and tachypnea 5 hr later. A stand- 
ard 28-French thoracostomy tube was then inserted. Elevated 
intrathoracic pressure was noted during thoracostomy tube 
placement. The thoracic vent was removed and discarded 
before it could be recovered for evaluation of the mechanism 
of failure. 

Of the nine patients successfully treated, eight had the vent 
device removed within 24 hr of placement. One required 3 
days of drainage. No pneumothorax recurred in any of the 
patients after vent removal, and no significant complications 
related to the device were encountered. No patient com- 
plained of significant pain at the insertion site. 
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Fig. 1.—A and B, Frontal (A) and 
lateral (B) views of Tru-Close Thoracic 
Vent show 12-French silicone catheter 
connected to rectangular acrylic vent 
(9 cm long x 2.5 cm wide x 2 cm thick). 
Vent contains a self-sealing port (ar- 
row), red signal diaphragm (arrow- 
head), and one-way flutter valve 
(curved arrow). S = side flaps with ad- 
hesive backing for attachment to chest 
wall. Manual aspiration of pneumotho- 
rax using aspiration cannula (ac) and 
60-ml syringe is shown in B. 


Discussion 


The Tru-Close Thoracic Vent is a convenient extension of 
the small-caliber catheter drainage technique, containing a 
Heimlich-type one-way valve and an aspiration port in a single, 
small, self-adherent unit that attaches firmly to the patient 
without the need for surgical suturing. Trocar insertion of the 
12-French drainage catheter is quick and easy, and the unique 
red signal diaphragm provides a useful indicator of pleural 
entry and air evacuation. The supplied aspiration cannula and 
syringe allow immediate manual evacuation of the pneumo- 
thorax. In our series, successful treatment of pneumothorax 
was accomplished in nine (90%) of 10 cases, with no further 
therapy required. The overall average duration of tube drain- 
age was 1.2 days, comparable to the 2.0-3.7 days reported 
with other small-caliber catheters [2-4]. The device is well 
tolerated by patients, and its compact, portable nature allows 
unrestricted patient ambulation and movement, similar to the 
more widely used Cook pneumothorax set (Cook, Blooming- 
ton, IN). The thoracic vent kit is currently more expensive 
than the Cook pneumothorax set. 

The manufacturer notes that the device is useful for treat- 
ment of spontaneous, posttraumatic, and iatrogenic pneu- 
mothoraces, although we assessed only the latter claim. The 
device is not designed for drainage of pleural fluid. Indeed, 
clogging of small-caliber catheters with fluid or debris has 
been reported as a cause of treatment failure [3, 5]. This 
conceivably was the cause of the single treatment failure in 
our series, although other possibilities include kinking or 
backing-out of the catheter/vent assembly or malfunction of 
the one-way flutter valve. Inability to easily flush the catheter 
or to reposition the catheter to improve drainage once it is in 
place are potential disadvantages of this device. Although we 
have not used the device to drain a pneumothorax before 
needle biopsy, subsequent biopsy attempts with the vent in 
place may be limited, particularly anterior biopsy approaches 
near the site of vent placement. It may be too cumbersome 
for the patient to lie comfortably in a prone position when 
repeated biopsy attempts from a posterior approach are 
necessary. 
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The one patient in our series requiring a second thoracic 
vent emphasizes the need to advance the catheter/trocar 
combination slightly beyond the point at which deflections of 
the signal diaphragm are noted to ensure catheter placement 
within the pleural space. Although the short catheter length 
(7 cm) facilitates insertion and minimizes the possibility of 
kinking, when treating patients with thick anterior chest walls, 
it may be too short to enter the pleural space far enough for 
drainage. Related to our preliminary experience, the manufac- 
turer has recently lengthened the catheter to 10 cm and has 
also added a Luer-Lok connection to the seif-sealing port of 
the thoracic vent and a suction tubing set suitable for con- 
nection to an appropriate vacuum source. This updated pneu- 
mothorax set has been used successfully in one additional 
patient. Since this article was written, the thoracic vent has 
been modified further; it now contains a 13-French polyure- 
thane drainage catheter that is 10 cm long. 
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Book Review 





The Cath Lab. An Introduction. By David L. Lubell. Philadelphia: Lea & Febiger, 133 pp., 1990. $17.50, softcover 


Dr. Lubell has attempted to provide an introduction to procedures 
performed in a modern cardiac catheterization laboratory. Although 
he states in his introduction that the purpose of the text is to inform 
nurses and technicians, as opposed to physicians, the material pre- 
sented is terribly oversimplified. In addition, the text suffers from 
factual inaccuracies and discussions of outdated techniques. 

In my experience, nurses and radiologic and hemodynamic tech- 
nicians who work in a cardiac catheterization laboratory have a great 
deal more depth of understanding of the indications and techniques 
than that provided by the text. | can appreciate Dr. Lubell's desire 
not to bog down his work with the detailed descriptions of technique 
and pathophysiology that would be expected in a text aimed toward 
physicians in this highly specialized field. On the other hand, | also 
often am impressed with the skill and knowledge of the personnel in 
the catheterization laboratory. 


Any text written as an introduction runs the risk of being either too 
shallow or deep for the beginner. 1 have found that it often is safer to 
err on the side of more detailed explanation; an interested novice 
usually can assimilate information more rapidly than the teacher 
expects. Furthermore, much of what is included in this text is out- 
dated, and it has specific factual inaccuracies. The material could be 
covered in greater detail in a few days of clinical activity. The book 
would only serve to confuse the reader. | cannot recommend this 
book. 
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Differentiation of Benign and 
Malignant Local Tumor 
Recurrence After Lumpectomy 


During a 5-year period, 28 women who had been treated conservatively for breast 
carcinoma had 29 reexcisions of the lumpectomy site because of suspicion of a recurrent 
malignant tumor. Biopsy results were benign in 19 cases and malignant in 10 cases. 
Sixteen of the 19 benign tumors had developed within 2 years after therapy. In 16 benign 
cases, a palpable lump developed at the scar and was found on biopsy to be fat necrosis 
or fibrosis. Seven of these cases had normal mammographic findings. Three women 
with abnormal mammographic. findings but a normal breast examination had punctate 
microcalcifications develop at the scar; these were due to fibrosis in two and sclerosing 
adenosis in the other. Of the 10 malignant recurrent tumors, seven were palpable, four 
of which also were identifiable by mammography. Of seven mammographically identifi- 
able recurrent tumors at the surgical site, four were palpable. Mammographic findings 
were a single mass in two cases, multiple masses in one, microcalcifications in three, 
and a mass with microcalcifications in one. Malignant microcalcifications were all linear, 
irregular, and in one case branching. Mean time to recurrence in these 10 women was 
3 years. 

This experience suggests that benign disease usually occurs at the scar within 2 
years after the original therapy and when palpable may not show changes on mammog- 
raphy. When microcalcifications do occur, they are usually punctate. 
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After conservative treatment for breast carcinoma, careful clinical and mammo- 
graphic monitoring of both breasts is indicated to detect new or recurrent tumor. If 
a suspicious-mass or calcifications develop at the lumpectomy site, they may not 
necessarily be malignant, but may be a sequela of surgery and Irradiation or 
represent a dysplastic process in the breast. Fibrosis, fat necrosis, benign lymph 
nodes, and sclerosing adenosis can mimic new tumor. 

In this retrospective study, we sought to establish criteria for differentiating 
benign disease from new or recurrent tumor in the conservatively treated breast. 


Methods and Materials 


Records of the Breast Service, Department of Surgery, from February 1984 to February 
1989 were reviewed retrospectively to identify 37 women who had undergone 39 biopsies of 
a previously irradiated breast. Nineteen women were found to have benign recurrent tumor. 
Eighteen women in whom the benign recurrent tumor was at the lumpectomy site were 
included in the study group. Eighteen women were found to have malignant recurrent tumor. 
Ten women in whom the malignant tumor recurred at the site of the lumpectomy scar were 
included in the study group. 

All women had mammograms performed on dedicated mammography equipment and 
physical examination of the breast by a physician experienced in treating breast disease. 
These studies were done as routine posttherapy follow-up after conservative treatment of 
breast cancer. All women underwent wide, local excision of the initial primary carcinoma, and 
in all but one patient this was followed with definitive breast irradiation. 
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In the benign recurrence group, the women’s ages at the time of 
their original cancer therapy ranged from 32 to 82 years (mean, 55 
years). The initial biopsy revealed the following: 14 cases of infiltrating 
duct carcinoma (IFDC), two of colloid carcinoma, one of mixed IFDC 
with infiltrating lobular carcinoma (IFLC), and one unspecified type of 
adenocarcinoma. Disease was in the right breast in 11 patients and 
in the left breast in seven. The original malignant tumor was located 
in the upper outer quadrant in 12 women, the upper inner quadrant 
in five women, and the lower outer quadrant in one woman. 

In the malignant recurrence group, the women's ages at the time 
of their original therapy ranged from 35 to 74 years (mean, 50 years). 
In seven women, the histologic findings from the original malignant 
tumor and the recurrent tumor were identical. In these seven women, 
the tumor types were IFDC in four, IFDC with duct carcinoma in situ 
(DCIS) in one, lobular carcinoma in situ (LCIS) and IFLC in one, and 
DCIS in one. In three cases, the histologic findings for the original 
and the recurrent tumor were different. One case of IFDC recurred 
as IFDC with DCIS, one case of medullary carcinoma recurred as 
IFDC and DCIS, and one case of IFLC and LCIS recurred as DCIS. 
Disease was on the right side in six patients and on the left side in 
four. Tumor was located in the upper outer quadrant in eight and the 
lower outer quadrant in two women. 


Results 


In the 18 women with new, benign disease at the lumpec- 
tomy site, development of a palpable mammographic abnor- 
mality occurred within 3 years of completion of therapy in all 
but one patient in whom an area of nodularity was found on 
both palpation and mammography 10 years after therapy. 
Ten women had biopsies done 1 year after therapy, six 
underwent biopsy 2 years later, and two 3 years later, includ- 
ing one woman who had benign disease diagnosed on two 
biopsies performed 2 and 3 years after her cancer treatment. 

Of these same women, in 16 cases (15 patients) a palpable 
lump was present, and nine of these lumps showed a corre- 
sponding noncalcified mass on the mammogram (Figs. 1 and 
2). Seven women with a palpable mass had no mammo- 
graphic abnormality. The pathologic findings were fibrosis in 
eight cases, fat necrosis in seven, and granuloma in one. 
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A mammographic abnormality without palpable findings 
prompted biopsy in three women with benign findings. In all 
three, microcalcifications were present at the lumpectomy 
site. Biopsy in these women showed fat necrosis with fibrosis 
and calcifications consistent with radiation effect in one, scle- 
rosing adenosis and LCIS in another, and periductal fibrosis 
with microcalcifications and LCIS in the third (Fig. 3). Both 
women with LCIS had a component of lobular carcinoma in 
their original lumpectomy specimen. These women are in- 
cluded in the benign group because the mammographic find- 
ings prompting biopsy were due to a benign process, and 
because LCIS as a distinct entity has a controversial position 
as a malignant tumor. Microcalcifications developed within 2 
years of the completion of cancer therapy in all three women. 
The only patient in whom microcalcifications not related to 
fibrosis developed did not have radiation therapy after her 
original surgery for carcinoma. 

In the 10 women with malignant tumor recurrence at the 
lumpectomy site, the mean time to recurrence was 3 years. 
Four of these malignant tumors recurred 2 years after the 
original treatment, two at 6 years, and one tumor each 
recurred at 1, 3, 4, and 5 years after the original therapy. 

In seven women, malignant tumor recurred as a palpable 
mass; three women had normal findings on physical exami- 
nation. In women with a palpable mass, mammography 
showed calcifications in one and a noncalcified mass in three, 
including one woman with a single palpable mass whose 
mammogram showed two masses, both of which were found 
to be malignant on biopsy (Fig. 4). Three women with palpable 
recurrent tumors had normal mammographic findings. 

Mammography showed abnormality in seven of the 10 
women with malignant recurrent tumor: a single mass in two 
women, multiple masses in one, microcalcifications in three, 
and a mass with microcalcifications in one. All malignant cal- 
cifications were linear and irregular, and these were branch- 
ing in one case (Fig. 5). No rounded, punctate calcifications, 
which were characteristic of the benign recurrence group, 
were seen in women in whom malignant tumors recurred. 


Fig. 1.—A and B, Coned mediolateral mam- 
mograms of surgical site in right breast of a 52- 
year-old woman 2 (A) and 3 (B) years after 
surgery and irradiation. New fullness (arrows) 
was present on mammography and physical ex- 
amination at 3 years. On biopsy, fat necrosis was 
found. 
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Fig. 2.—A, Mediolateral xeromammogram of 
a 58-year-old woman shows breast mass. Biopsy 
revealed infiltrating duct cancer, and patient was 
treated with lumpectomy and irradiation. 

B, Mediolateral mammogram of same woman 
2 years later shows new palpable, subareolar 
mass at site of surgery. No interval films were 
available. On biopsy, only fibrosis was found. 
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Fig. 3.—Magnified (x3) photograph of a mam- 
mogram of a 67-year-old woman shows micro- 
Calcifications (arrowheads) that developed 2 
years after an infiltrating duct carcinoma was 
excised from this site, followed by breast irradi- 


Fig. 4.—Craniocaudal mammogram of 44- 
year-old woman 2 years after irradiation for infil- 
trating duct carcinoma shows two masses (ar- 
rowheads) due to recurrent infiltrating duct 
carcinoma. 


Fig. 5.—Magnified (x3) photograph shows 
microcalcifications developing at original tumor 
site 2 years after treatment for intraductal car- 
cinoma. These irregular, linear microcalcifica- 
tions were due to recurrent intraductal carci- 


ation. Histologic examination of microcalcifica- 
tions revealed periductal fibrosis and lobular car- 
cinoma in situ. 


Physical examination failed to detect three of the seven 
malignant recurrent tumors detected with mammography. 


Discussion 


After treatment of primary breast carcinoma by local exci- 
sion and breast irradiation, follow-up mammography shows 
an immediate pattern of ill-defined density representing post- 
surgical alteration at the operative site, as well as diffuse 
increase in breast density, coarsening of the breast stroma, 
and thickening of the skin of the breast reflecting acute 
irradiation change. These findings are most pronounced in 
the first 12 months and diminish or disappear in the next 2 
years [1-4]. A mammographically identifiable scar, seen as a 
localized mass at the site of surgery and often directly con- 
nected with localized changes in the overlying skin, has been 
reported in 25% of patients [3]. Mammographic and physical 
findings of decreasing density at the site of tumor excision 


noma. 


normally evolve during the subsequent 2 years. The presence 
of a new or enlarging mass or new fine calcifications suggests 
recurrent tumor at the site of previous resection. 

Chaudary et al. [5] have reported 17 patients in whom a 
new lump developed in breasts treated conservatively for 
carcinoma. Ten of the lumps were found to be benign, al- 
though it was not possible to differentiate benign from malig- 
nant disease on physical examination. Of the 10 benign 
masses that developed, seven were due to fat necrosis and 
two to foreign body granuloma formation; in the remaining 
case, only scar tissue was found. On mammography, all 
benign masses were free of microcalcifications. In the three 
cases in that series with a new mass containing microcalcifi- 
cations, malignant tumor was present in all. Rostom and El- 
Sayed [6] have reported two additional cases of fat necrosis 
presenting as a new lump at the site of previous lumpectomy 
after breast irradiation. Both of these masses developed at 
the site of surgical scar. 
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in our group, in 15 of 17 patients with benign disease a 
new lump without microcalcifications was found at the site of 
previous tumor excision on follow-up physical examination; in 
seven women, mammography failed to show any abnormality. 
Conversely, only three of 10 women with a developing malig- 
nant tumor at the scar had normal mammographic findings, 
and as in previous reports, the single mass with microcalcifi- 
cations was malignant. Although alteration in physical findings 
at the site of previous tumor mandates biopsy, unchanged 
mammographic findings may be a hopeful sign that the mass 
may be due to fibrosis or fat necrosis. 

New microcalcifications in a breast previously treated for 
carcinoma may be thought to represent recurrent or new 
breast carcinoma, but these calcifications are frequently be- 
nign. Stomper et al. [7] have reported that three of six women 
who had been treated conservatively for breast carcinoma 
with limited surgery and irradiation and in whom suspicious 
microcalcifications developed had benign disease. In a report 
of 19 patients with microcalcifications developing in the same 
clinical setting, Solin et al. [8] found eight patients (42%) had 
benign disease. However, when microcaicifications developed 
in the same quadrant as the original tumor, only seven (54%) 
of 13 were malignant as opposed to four malignant tumors 
(80%) of five that developed in a quadrant other than that of 
the original tumor. In another series, six of 11 women in whom 
microcalcifications developed in the previously treated breast 
within 5 years of therapy were found to have benign disease, 
including fibrosis and atrophy [3]. These calcifications ob- 
viously are related to the previous breast therapy. More 
coarse, classically benign calcifications frequently are seen in 
irradiated breasts. These may be linear, rounded, or cross- 
shaped calcifications and are readily differentiated from those 
fine, irregular calcifications that suggest new or recurrent 
tumor [9-11]. Just as formation of these coarse calcifications 
may be related to irradiation, fine dystrophic calcifications also 
may result from therapy [9]. When their pattern is compared 
with the pattern of calcifications seen in women who had 
recurrent tumor, irregular linear or branching microcalcifica- 
tions appear to herald recurrence whereas punctate, 
smoother calcifications are associated with dystrophic 
change. 

The time elapsed between completion of therapy for the 
original tumor and appearance of changes on the mammo- 
gram or physical examination also may be helpful in differen- 
tiating benign from recurrent malignant tumors. Disease de- 
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veloping at the surgical site within 1 year of treatment was 
benign in 10 of 11 women in this study, and the mean time 
to biopsy for benign disease was shorter than that for malig- 
nant disease (2 vs 3 years). This longer period for recurrence 
of malignant tumor corresponds to a mean recurrence time 
at the site of the original tumor of 34 months reported by 
Stotter et al. [12]. In their series, relapse elsewhere in the 
breast had an even longer mean recurrence time of 69 
months. The development of disease at the site of the original 
tumor within a year or two of completion of therapy suggests 
a benign process. Although we have found some differences 
in those women with benign, as opposed to malignant, recur- 
rent tumors, abnormal findings on physical examination and 
suspicious mammographic changes still mandate biopsy in 
this select group of patients. 
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Breast Carcinoma in Young 
Women Previously Treated for 
Hodgkin Disease 





The increased risk of a second malignant neoplasm developing after treatment for 
Hodgkin disease is weli documented. Subsequent development of breast cancer in 
women who have been treated for Hodgkin disease is a relatively rare association. To 
date, no reports of the mammographic detection of breast cancer in this group of women 
have been published. We report six patients who developed seven breast cancers after 
treatment for Hodgkin disease. The average age of the women at the time of diagnosis 
of breast cancer was 33.5 years; diagnosis was made 10-23 years after treatment. 

There appears to be an increased prevalence of breast carcinoma in women who 
have been treated for Hodgkin disease. This association should receive further study to 
evaluate appropriate modifications in routine breast cancer screening for these women. 
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The etiology of breast carcinoma includes genetic and endocrine influences, 
environmental interactions, and physiologic-immunologic mechanisms. Induction of 
breast cancer by the effects of radiation has received considerable attention, which 
is primarily based on statistical analyses of Japanese women subjected to atomic 
bomb detonations, women who underwent multiple fluoroscopic treatments for 
tuberculosis, and women who were treated with radiation for postpartum mastitis 
[1-4]. 

The association of Hodgkin disease and second malignant neoplasms has been 
well documented [5-16], primarily focusing on the increased prevalence of acute 
nonlymphocytic leukemia [10, 13]. Many authors have reported the association of 
solid malignant lesions developing in patients who had been treated with radiation 
therapy and/or chemotherapy for Hodgkin disease [5-16]. Several case reports 
have focused on the association between treated Hodgkin disease and breast 
carcinoma [17-20]. The purpose of our study was to evaluate the association 
between treatment of Hodgkin disease and the development of breast cancer. 


Materials and Methods 


In July 1989, 133 women under 40 years of age in whom Hodgkin disease had been 
diagnosed were identified by computer search through the hospital tumor registry. The 
registry contains a record of all diagnoses of tumors in inpatients since 1936 and includes 
some outpatient data. In addition, all women with both Hodgkin disease and breast carcinoma 
seen at the hospital between January 1936 and July 1989 were identified. The study was 
limited to women younger than 40 years old because breast cancer is relatively rare in this 
age group. Six such women (seven breast cancers), in whom Hodgkin disease had been 
diagnosed, were found. A true statistical analysis of the data is not possible, because we 
have no record of all the women (both inpatient and outpatient) who had Hodgkin disease 
during this period. The complete hospital records of the six women and mammograms of 
four of the six were reviewed. The remaining two women did not have mammograms. Limited 
details of radiotherapy were available for five women. Six women were diagnosed with 


40 COOK ET AL. 


Hodgkin disease (three with nodular sclerosing and three with un- 
known histology; stages IIA to IIIB) at an early age (range, 10-27 
years; mean, 18 years) and received radiotherapy and/or chemother- 
apy. All six underwent mantle radiation (3700-4950 rad [37.0-49.5 
Gy]), four had abdominal radiotherapy (3520-4700 rad [35.2-47.0 
Gy]), and one woman had 4000 rad (40 Gy) of additional radiation to 
the pelvis. Two of the women received chemotherapy, MOPP/Adria- 
mycin (doxorubicin, Adria Laboratories, Dublin, OH) and Velban (vin- 
blastine sulfate, Lilly, Indianapolis, IN). Three of the women underwent 
film/screen mammography (CGR, Senographe 500T, Columbia, MD; 
Mammex DC Mag, Bayshore, NY) at our hospital. The fourth patient 
underwent mammography elsewhere, but the films were submitted 
for interpretation to our hospital. 


Results 


Seven breast cancers, bilateral in one patient, developed in 
six women when they were 26-38 years old (mean, 33.5 
years), an average of 17.5 years (range, 10-23 years) after 
the first course of radiotherapy for Hodgkin disease. One 
woman died of metastatic breast cancer (details unknown) at 
36 years old, 27 years after her first treatment for Hodgkin 
disease. 

Four women were referred for mammography for abnormal 
but clinically benign findings. Three of the women found a 
relatively large palpable breast mass (1.5, 2.5, 3.0 cm), and 
the fourth patient, with bilateral breast cancers, presented 
with right nipple retraction. Significantly, this last patient sub- 
sequently was diagnosed with a contralateral nonpalpable 
carcinoma. Two additional women were diagnosed clinically; 
no mammograms were obtained. Family history for breast 
carcinoma was negative in three cases, positive in two, and 
unknown in one. 

The mammographic density was fatty or mixed in three 
women and predominantly glandular in one. The mammo- 
graphic findings were interpreted as highly suggestive of 
malignancy in all five cancers; two clusters of microcalcifica- 
tions (Fig. 1) and two spiculated masses (Fig. 2) were among 





A 


Fig. 1.—A, Right craniocaudal mammogram in 36-year-old woman with palpable mass 
shows cluster of microcalcifications (arrowheads) with adjacent 2.0-cm, poorly defined, 


spiculated density (arrow). 


B, Magnified (1.5x) right craniocaudal view better shows cluster of microcalcifications 


(arrowhead) and spiculated density (arrow). 


C, Photographically coned magnified view (right craniocaudal projection) confirms highly 
suggestive nature of microcalcifications (arrowhead) and adjacent mass (arrows). Fine- 
needle aspiration findings of palpable mass were positive for adenocarcinoma. Histologic 
results showed invasive ductal carcinoma with angiolymphatic invasion associated with both 


abnormalities. 
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the findings. The right nipple retraction in the woman with 
bilateral breast cancers was associated with a broad area of 
parenchymal distortion on the mammogram. Three of the 
cancers were in the upper outer quadrant, and the other two 
were extensive, involving more than one quadrant. 

Surgical biopsy confirmed the diagnosis of carcinoma in 
five women who subsequently underwent mastectomy (bilat- 
eral in one patient). The complete surgical history and patho- 
logic diagnoses of the other two breast cancers are not 
available. 

All three palpable breast masses proved to be invasive 
ductal carcinomas, two with angiolymphatic invasion and one 
with a positive axillary node. The woman with bilateral breast 
cancers had invasive multifocal lobular carcinoma with an- 
giolymphatic invasion in the right breast, multifocal intraductal 
carcinoma with foci of invasion in the left breast, and unin- 
volved bilateral axillary nodes. 


Discussion 


We describe six young women diagnosed with breast car- 
cinoma after curative therapy for Hodgkin disease. In the four 
women with five cancers who underwent mammography, the 
mammogram was distinctly abnormal and highly suggestive 
of malignancy. This was despite the clinical impression that 
the three palpable breast masses were benign. In no case 
was the carcinoma obscured by breast parenchyma despite 
the relatively young age of the women. In addition, an unsus- 
pected nonpalpable carcinoma was discovered in the woman 
with bilateral breast cancers. 

All of the women in our study were younger than 40 years 
old when breast cancer was diagnosed, and two of them 
were younger than 30 years old. Breast cancer in this age 
group is very rare, with the reported prevalence for ages 25- 
29 years at 8.8/100,000 women [21]. Even in the 30-39- 
year-old age group, the prevalence of breast cancer is rela- 
tively low [21]. 
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Fig. 2.—Right craniocaudal view in 28-year-old woman with palpable 
mass shows 2-cm spiculated mass (arrows). Pathologic results showed 
invasive ductal carcinoma with involvement of one of nine axillary nodes. 


The association of treated Hodgkin disease with second 
malignant neoplasms, including breast cancer, has been ad- 
dressed [5-16]. Three published case reports focus on the 
association between treated Hodgkin disease and breast 
carcinoma [17-19]. Other thoracic neoplasms that developed 
after treatment for Hodgkin disease have been reported. Lung 
cancer is the most common associated thoracic tumor but 
esophageal and thyroid cancers and various rare tumors 
including bone and soft-tissue sarcomas also have been noted 
[5, 16]. A mediastinal hemangiopericytoma developed in one 
34-year-old woman at our institution 9 years after treatment 
for Hodgkin disease. 

The literature suggests that a patient’s age at the time of 
radiation exposure is one of the most important risk factors 
in the development of breast cancer [22-25], primarily on the 
basis of data from the Japanese atomic bomb study, in which 
women exposed at 10-19 years old had the greatest risk. 
This is also supported by tuberculosis fluoroscopy data and 
Baral’s study in Sweden [1, 3, 26]. 

Boice et al. [1] estimate that the radiation dose to the 
breasts in women exposed to atomic bomb detonations and 
in those treated for postpartum mastitis and tuberculosis is 
between 76-1215 rad (0.76-12.15 Gy). We do not have 
estimates of the mean scatter dose to the breasts in our 
group of women, although the literature suggests that it is 
approximately 138-218 rad (1.38-2.18 Gy) for radiotherapy 
of breast cancer and 145-325 rad (1.45-3.25 Gy) for radio- 
therapy of Hodgkin disease [18, 27]. 

The relation between the site of radiation exposure and the 
location of breast carcinoma or other second malignant neo- 
plasms is controversial and difficult to study, as radiation 
ports and tumor locations are often not specified, and second 
malignant neoplasms have been documented outside the 
radiation field [5-16]. One author, MacKenzie [4], noted a 
greater proportion of breast cancers in the inner and central 
aspects of the breast after fluoroscopy for tuberculosis, but 
this has not otherwise been documented [27]. It may be that 
patients with Hodgkin disease are predisposed to many he- 
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matopoietic and solid second malignant neoplasms that de- 
velop in synergy with radiation and/or chemotherapy. 

The minimum latent period between radiation exposure and 
induction of breast carcinoma is reported to vary between 5 
and 15 years; 10-15 years after fluoroscopy for tuberculosis, 
15 years after mastitis treated with radiation, and 5-10 years 
after Japanese atomic bombings [1, 3]. Furthermore, the 
latent period appears to be longer in women younger than 30 
years old at the time of radiation exposure and shorter in 
women older than 30 [1, 4]. 

The mean interval between the first radiation exposure for 
treatment of Hodgkin disease and the development of breast 
carcinoma in our six cases is similar to that of three previous 
case reports [17-19], in which the interval ranged between 4 
and 17 years, with an average of 12.6 years. These data are 
also in keeping with the prolonged induction time of radiation- 
induced cancer [12]. 

Given the relationship between high-dose radiation and 
subsequent development of breast carcinoma, women who 
have been irradiated for treatment of Hodgkin disease should 
be considered at an increased risk for developing breast 
carcinoma in their lifetime. This problem needs further study 
because current guidelines for routine screening for breast 
cancer [28] may not suffice in this group. Perhaps screening 
should commence approximately 10 years after the patient’s 
first radiation treatment for Hodgkin disease. Two of our 
patients, ages 26 and 28, were significantly younger than the 
age at which a baseline mammogram is usually obtained, but 
mammography clearly delineated the carcinoma in both of 
them. The other four women, ages 36 to 38, were at the 
appropriate age for a baseline mammogram, but in retrospect, 
may have benefited from annual mammography before the 
age of 40. 

The association between treated Hodgkin disease and 
subsequent development of breast cancer has not been pre- 
viously addressed in the radiologic literature, despite the 
proved benefits of mammography in screening and diagnosis 
of breast cancer. We believe that radiologists should be aware 
of this important association. To evaluate this problem further, 
we have begun a prospective study—performing screening 
mammography in asymptomatic young women who have 
previously been treated for Hodgkin disease. 
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Optical Spectroscopy (INVOS) Is 
Unreliable in Detecting Breast 
Cancer 


Recently a new nonionizing, nonimaging technique for evaluating risk of breast cancer, 
in vivo optical spectroscopy (INVOS), became available. The procedure evaluates the 
biochemical composition of the breast with spectrophotometry to provide a risk number 
related to the development of breast cancer. INVOS was evaluated in a prospective 
study of 180 women who were referred to our institution for needie localization and 
excisional biopsy of 181 breast lesions. All women had mammography and INVOS before 
surgical biopsy. The INVOS risk numbers and mammographic findings were compared 
with the pathologic diagnoses. Of 39 breast cancers, 19 (49%) had high-risk INVOS 
numbers, as did 52% of women with benign disease. INVOS had a sensitivity of 95%, 
specificity of 4%, and a positive predictive value of 21% for the detection of breast 
cancer. Mammography predicted malignancy with a sensitivity of 97%, specificity of 
48%, and a positive predictive value of 34%. Receiver-operating-characteristic (ROC) 
curve analysis also was performed. The ROC area for mammography was 0.85 compared 
with 0.43 for INVOS, indicating a significantly greater (p < .0000001) ability for mam- 
mography to detect breast cancer. 

We conclude that because INVOS cannot accurately predict the presence of breast 
cancer, it is unlikely that INVOS can be used to predict which patients are at risk for the 
development of breast cancer. 
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Optical spectroscopy, which identifies various chemical substances on the basis 
of their ability to absorb specific wavelengths of light, has been a very useful 
analytic method in the clinical laboratory for some time [1]. Its uses in clinical 
medicine have been confined to in vitro evaluations in the diagnostic laboratory. 
More recently, in vivo uses such as arterial Poz monitoring during anesthesia and 
fetal monitoring during labor have been developed [2, 3]. A potential beneficial 
application of in vivo optical spectroscopy was explored by the Somanetics Corp. 
(Troy, Ml) with its development in 1982 of a prototype machine for breast analysis 
called INVOS (in vivo optical spectroscopy) (Egan et al., presented at the annual 
meeting of the Radiological Society of North America, Chicago, IL, December 
1986). Their aim was to develop an inexpensive, operator-independent, nonionizing 
test that would identify women with an increased risk of breast cancer and serve 
as a prescreening tool for mammography [4]. 

To evaluate the validity of INVOS, we performed a prospective study to correlate 
INVOS scanning with mammographic suspicion of malignancy and pathologic proof 
of breast cancer. 


Materials and Methods 


All women undergoing preoperative needle localization of breast lesions at our institution 
during a 6-month period from November 1987 to May 1988 were candidates for this study. 
Two hundred thirteen women were eligible during this time period; 33 could not be included. 
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Of the 33 women not included, 21 could not be scanned because of 
time constraints with scheduled operating room time, four refused 
consent, four were too ill to scan, one did not speak English and 
could not give consent, and the remaining three had miscellaneous 
reasons for noninclusion. The age range of women not included in 
the study was 30-86 years (median, 59 years). A total of 180 women 
elected to participate, and informed consent was obtained. The age 
range of the participants was 29-90 years, with a median age of 59 
years. 

INVOS was performed immediately before needle localization by a 
manufacturer's trained and certified technician in a completely dark- 
ened room. The scans were obtained by a single technician without 
the knowledge of mammographic findings, and uniform scans were 
obtained on all patients. 

The INVOS machine consists of a tungsten light source, selected 
filter wheels, a fiber-optic cable and wand for projecting the light into 
the breast tissue, silicone photodiodes for receiving the transmitted 
light, and a computer for processing the information (Fig. 1). The 
specific spectrum of light transmitted into the breast ranges from 
0.575 to 1.15 um and is transmitted in 20 sequential steps. These 
wavelengths are between the infrared and visible red light spectrum 
and represent the wavelengths of light that are absorbed by water, 
hemoglobin, fat, and fibrous tissue as components of breast tissue 
(Egan et al., RSNA, December 1986) [4, 5]. 

This spectrophotometric analysis of biochemical breast composi- 
tion is analyzed by a manufacturer-derived computer program to 
determine cancer risk. All subjective observer bias is removed by the 
computer-generated analyses. 

The hand-held fiber-optic wand is shaped like a “C” and is adjusted 
in a caliperlike fashion to ensure uniform breast thickness bilaterally. 
Four specific locations on each breast are scanned sequentially. 
These four locations were determined by the manufacturer's protocol 
to provide sufficient sampling of tissue in each breast and consist in 
three areas just immediately anterior to the chest wall in the medial, 
central, and lateral portions of the breast. The fourth location is in the 
subareolar region (Fig. 2). The standard examination procedure de- 
tailed by the manufacturer's protocol was followed in order to ensure 
reproducibility and operator-independent results. 





Fig. 1.—In vivo optical spectroscopy (INVOS) machine (Somanetics 
Corp., Troy, Ml). 
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Fig. 2.—Breast quadrants scanned. 


The light transmitted through the breast is converted into an 
electrical signal, processed by the computer, and displayed on a CRT, 
in the form of graph tracings of each breast quadrant and a whole 
number integer for each breast. No image of the breast is generated, 
only a graph tracing of the tissue reflecting the hemoglobin, fibrous 
tissue, fat, and water content (Fig. 3). 

The number represents a calculation of the absorption character- 
istics of the breast at various wavelengths from which a representa- 
tive absorption coefficient is generated for each breast in addition to 
a combined number for both breasts. This absorption coefficient is 
the INVOS number (Egan et al., RSNA, December 1986) [4, 5]. 
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Fig. 3.—Bar in box at top indicates that this patient’s in vivo optical 
spectroscopy risk number is 6 for right and left breasts, and patient’s 
combined risk number is 6. Tracings from each quadrant of both breasts 
are seen below. Darker dashed tracing represents right breast. Lighter 
dotted tracing represents left breast. 
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The original range of values for this test was 0-275, with an original 
mean value for the healthy population equal to 100 as determined by 
Egan et al. (RSNA, December 1986). In Egan’s original work, he 
proposed that INVOS numbers greater than 125 indicated high risk 
for breast cancer and INVOS numbers less than 125 indicated low 
risk for breast cancer [4, 5]. Our machine had been reprogrammed 
by the manufacturer with a compressed INVOS number range of 0- 
10. High risk for breast cancer was indicated by an INVOS number 
of 8-10, intermediate risk by 6-7, and the low-risk category for breast 
cancer by 5 or less, as determined by the manufacturer. 

All mammograms were reviewed after biopsy without the knowl- 
edge of initial interpretation, optical spectroscopy, or biopsy results. 
A dedicated mammographer analyzed the mammograms and evalu- 
ated each lesion by placing it in one of five categories: 


. normal with no suspicion of malignancy 
. low suspicion of malignancy 

. moderate suspicion 

. high suspicion 

. consistent with malignancy. 


OR ON 


The surgically obtained specimens were retrospectively reviewed 
by a pathologist without the knowledge of previous pathologic diag- 
nosis, mammographic findings or predictions, and optical spectros- 
copy results. All lesions were given specific histologic diagnosis in 
addition to a classification of benign, malignant, or premalignant. The 
presence of atypical hyperplasia (both atypical lobular and ductal) is 
associated with increased risk for subsequent cancer development, 
thus these diagnoses constituted the premalignant category [6, 7]. 

Associations between diagnostic techniques and pathologic diag- 
noses were evaluated by chi-square analysis. Sensitivities, specifici- 
tles, and other Bayesian parameters were also caiculated for each 
diagnostic technique [8, 9]. Receiver operating characteristic (ROC) 
curves were produced to compare the relative abilities of mammog- 
raphy and INVOS scanning in the detection of breast cancer. The 
methods of Hauley and McNeil [10, 11] for comparison of areas under 
ROC curves derived from the same cases were used. The trapezoidai 
method of integration was used to obtain the areas under the curves, 
and Kendall's tau was used to calculate the correlation between 
mammogram and INVOS scores. 


Results 


The: 33 nonparticipants had 35 lesions preoperatively 
needle localized; two women had bilateral needle localiza- 
tions. Ten cancers were diagnosed in nine patients; one 
patient had bilateral cancer. Twenty-five lesions in 24 women 
were diagnosed as benign. The cancer prevalence in this 
group was 27% (9/33). This prevalence is not statistically 
different from the prevalence found in our study population 
(22%) as evidenced by chi-square analysis (p = .630). 

One hundred eighty women consented to INVOS scanning 
before preoperative needle localization. One woman had bi- 
lateral lesions, resulting in a total of 181 breast masses that 
were sampled by biopsy after preoperative localization. Forty 
cancers were diagnosed in 39 patients. One patient had 
bilateral breast cancers, one of which was palpable and was 
not localized preoperatively and thus was not included in our 
statistics. 

The results of INVOS scanning compared with the patho- 
logic diagnosis are shown in Table 1. The prevalence of cancer 
in the group of 180 women was 22%. Forty-nine percent (19) 
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of the women that were found to have cancer had high-risk 
INVOS numbers, but so did 52% (64) of the women with 
benign disease. In fact, 53% (96) of all women in this study 
had high-risk INVOS numbers. 

Seventy-nine percent (31) of the biopsy-proved cancers 
had highly suspicious mammograms; only 18% of the biopsy- 
proved benign lesions had the same degree of mammographic 
suspicion (Table 2). 

The women with atypical hyperplasia are a special group 
of 20 patients representing 11% of the patients in this study. 
Sixty-five percent (13) of these patients had high-risk INVOS 
numbers; while 52% (83/161) of patients without an atypical 
hyperplasia diagnosis had high-risk INVOS numbers. This 
difference was not found to be statistically significant by chi- 
square analysis (p > .28). Mammography was highly suspi- 
cious in only 15% (three) of these cases. 

One hundred twenty-two of 181 lesions were histologically 
benign, including 26 fibroadenomata and 22 biopsies with 
fibrocystic change. Only 3% (four) of the benign biopsies had 
low-risk INVOS numbers. 

A comparison of mammography and INVOS scanning in 
predicting breast cancer is shown in Table 3. Sensitivity and 
specificity were calculated in two different ways (with a narrow 
and with a broad definition of a “positive test” for each 
technique). Mammography detected 38 of the 39 cancers 
when moderately suspicious lesions were grouped together 
with highly suspicious and definitely malignant lesions, for a 
sensitivity of 97%, specificity of 48%, and a false-positive rate 
of 52%. If the sensitivity of the INVOS scan was also broad- 
ened to include the values 6-10, then 37 of the 39 cancers 
were included in this INVOS range, and a sensitivity compa- 
rable to that of mammography is seen (95%). However, this 
resulted in a 4% specificity and 97% false-positive rate [8]. 


TABLE 1: Comparison of Results of Biopsy and Optical 
Spectroscopy (INVOS) 

















INVOS Number 
Pathologic Diagnosis Low Intermediate High Total 

Risk Risk Risk 

(1-5) (6-7) (8-10) 
Cancer 2 18 19 39 
Atypical Hyperplasia 1 6 13 20 
Benign Disease 4 54 64 122 
Total 7 78 96 181 
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TABLE 2: Comparison of Results of Biopsy and Mammography 





Mammographic Predictions of Malignancy 





Pathologic Diagnosis No or Low Moderate igh Suspicion 








Sg ee or Definite Total 
Suspicion Suspicion Malignancy 
Cancer 1 7 31 39 
Atypical Hyperplasia 9 8 3 20 
Benign Disease 59 41 22 122 
Total 69 56 56 181 
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The true value of a diagnostic test lies in its ability to detect 
patients with disease (sensitivity) while excluding patients 
without disease (specificity). Because mammography and 
INVOS scanning are tests with a continuous range of values 
for outcome, we evaluated these two techniques by using 
receiver-operating-characteristic (ROC) curves (Fig. 4) [12, 
13]. 

The area under each ROC curve indicates the ability of the 
diagnostic technique to detect breast cancer. A perfect diag- 
nostic test would achieve an area of 1.0, and the ROC curve 
would cover the entire upper left triangular region of Figure 
4. Curves falling below the diagonal line on the ROC curve 
have areas of less than 0.50 and perform worse than a test 
with no ability to detect the condition in question. 

The area for the mammographic ROC curve we obtained 
was 0.85 with a standard error of 0.034, indicating a high 
degree of accuracy in the ability of mammograms to detect 
breast cancer. INVOS scanning, however, performed surpris- 
ingly poorly, with an area of only 0.43 and a standard error of 


TABLE 3: Comparison of Mammography and Optical 
Spectroscopy (INVOS) for Prediction of Malignant Lesions (%) 











INVOS 
Mammography Number 
: High and 
High 
: ~..,a Moderate 8-10 6-10 
Suspicion Suspicion? 

Sensitivity 80 97 49 95 
Specificity 82 48 46 4 
Faise-Positive Rate 18 52 54 97 
Positive Predictive Value 55 34 20 21 
Negative Predictive Value 94 99 77 71 





2 Highly suspicious lesions and lesions typical of cancer. 
è Highly suspicious lesions, lesions typical of cancer, and moderately suspi- 
cious lesions. 
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Fig. 4.-—-Receiver-operating-characteristic curves for mammography 
(dotted line) and in vivo optical spectroscopy (dashed line) in detection of 
breast cancer. Random choice is denoted by the solid diagonal line. 
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0.047. The difference between these areas was found to be 
highly statistically significant (p < .0000001). 


Discussion 


The examination by optical spectroscopy was generally 
well accepted by the patients, did not cause discomfort, lasted 
approximately 10-15 min, and the results were reproducible. 
No preparation of the patient is needed, and INVOS scanning 
is easy to perform, without need for a biased or trained 
observer opinion to generate a final result. The machine is 
compact (71.2 cm wide, 76.2 cm deep, 155 cm high, and 
weighs 159 kg) and costs approximately $55,000. This ma- 
chine is currently being used by primary care physicians to 
“screen” women 20 years old and older at standard charges 
of $20.00 to $35.00. A potential advantage of INVOS scan- 
ning is the lack of ionizing radiation used to evaluate patients. 

Our study confirms that optical spectroscopy does not 
satisfy the criteria for a screening procedure. At its best 
sensitivity of 95%, the false-positive rate is 97%. Our results 
clearly indicate that this procedure will not provide an accurate 
determination of existing breast cancer, as indicated by the 
low positive predictive values. 

Twenty patients had a pathologic diagnosis of atypical 
hyperplasia, which is associated with increased risk of future 
malignancy [6, 7]. Although this group is small in number, its 
importance should not be underestimated, as this histologic 
diagnosis is reported to be associated with a 4-5 times 
increased risk of breast cancer [6, 7]. If INVOS scanning 
predicts risk of subsequent development of breast cancer, 
then one would intuitively expect this group of patients to 
have high-risk INVOS numbers. INVOS scanning showed 
high-risk numbers in 65% of these patients; mammography 
was interpreted as highly suspicious in only 15% (three) of 
the patients. It would seem superficially that INVOS would be. 
useful in identifying this special group of women. However, 
chi-square analysis shows that there was no significant dif- 
ference between the percentage of patients with atypical 
hyperplasia diagnoses that had high-risk INVOS numbers and 
the remaining study patients with high-risk INVOS numbers. 
Subsequent long-term follow-up of these patients is needed. 

Using a similar scanner, Egan and co-workers (RSNA, 
December 1986) [4, 5] reported a sensitivity of 87%, specific- 
ity of 74%, and negative predictive value of 99.2%. Conflicting 
numbers of 86.6% and 13.4% are given for the positive 
predictive value. Their study was of a population of 1739 
women who were undergoing routine mammography, 166 of 
whom had subsequent surgical biopsies. Seventy-seven can- 
cers were detected. The mammographic findings were not 
clarified or described in their study. No pathologic diagnoses 
were made for the remaining 1573 women (Egan et al., RSNA, 
December 1986) [4, 5]. 

Our results vary from the results of Egan and coworkers. 
Although we are not able to explain the discrepancy, one 
reason may be the difference in study populations. Whereas 
Egan et al. studied a large “general” population of women, 
we chose to test INVOS on a select group of women with 
mammographic abnormalities. These women were clinically 
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“high risk” and were expected, intuitively, to have high INVOS 
numbers, reflecting INVOS’s ability to function as a screening 
tool. 

We conclude that because this test does not accurately 
detect the presence of existing breast cancer, it is unlikely 
that it can be accurately used to predict patients at future risk 
for breast cancer. It should not be used as a screening method 
unless long-term follow-up of patients with high-risk INVOS 
numbers shows that they develop breast cancer at a statis- 
tically significant higher rate than those with low-risk INVOS 
numbers. 
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Book Review 


Clinical Implications of Abnormal Digestive Tract Radiographs. By David A. Morowitz. Philadelphia: Lea & 


Febiger, 235 pp., 1990. $39.50 


This short textbook was written primarily for practitioners who are 
not radiologists, including internists, surgeons, family practitioners, 


and house officers. It attempts to correlate the natural history and’ 


therapy of the more common gastrointestinal abnormalities with their 
appearance on radiographs. The author discusses 109 of the most 
frequently encountered diseases of the gastrointestinal and biliary 
tracts. For each disease, the discussion and the pertinent radiographs 
are presented on a pair of facing pages. 

The strength of this text does not lie in the reproduction of 
radiographs. Many of the ones included are either quite old or were 
taken with equipment that does not. produce the higher-resolution, 
accurately exposed images that are obtained with contemporary 
machinery. Most of the radiographs are from single-contrast exami- 
nations, and portrayals of the more subtle, recently developed signs 
of inflammatory and neoplastic diseases are few. As an example, the 
section on reflux esophagitis fails either to mention or to illustrate 
any radiologic signs of the disease other than esophageal stricture, 
neglecting .all less severe radiologic manifestations such as fold 
thickening, mucosal granularity, and erosions. On the whole, the 
radiographs present a picture of gastrointestinal radiology as it was 
practiced 20-30 years ago. 

As is evident, | was discouraged by the poor quality of the 
radiographs as well as by the occasional errors in their labeling and 
interpretation. However, as | read the accompanying text, it became 
apparent that the real value of this book is its succinct clinical 
descriptions of each of the diseases presented. Any physician who 
reads the entire book will acquire a good basic knowledge of the 


clinical aspects of those gastrointestinal diseases most commonly 
shown on barium studies and biliary tract examinations. It is a shame 
that this excellent clinical material was not accompanied by radiologic 
material of a more contemporary quality. 

The author, a gastroenterologist, does offer some sage advice for 
maintaining a productive relationship between referring physicians 
and radiologists. Referring physicians should provide a meaningful 
history of the patient’s illness (we will not hold our breath while 
waiting) and should send their patients to radiologists interested in 
performing gastrointestinal examinations. Radiologists, on their part, 
should take adequate numbers of films; should not hesitate to redo 
films that are of poor quality or examinations that are suboptimal; 
and should give complete, thoughtful, and individualized reports. 

if the indifferent quality of the radiographs is ignored, this book is 
excellent reading for radiology residents who are doing their gastroin- 
testinal radiology rotation. It nicely presents the clinical information 
that must be known by the practicing radiologist to communicate 
knowledgeably with the referring physician. The book also may be 
useful to the internist, surgeon, or house staff officer who is interested 
jn gastrointestinal diseases and their radiologic correlation. In sum- 
mary, this text may be useful reading for both radiologists and - 
nonradiologists. Despite the less than state-of-the-art radiographs, it 
is easy to read and is probably worth its modest price. 


David W. Gelfand 
Bowman Gray School of Medicine 
Winston-Salem, NC 27103 
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The Diagnosis of Small 
Hepatocellular Carcinomas: 
Efficacy of Various Imaging Procedures 
in 100 Patients 





The efficacy of various imaging procedures used for the diagnosis of small. hepato- 
cellular carcinomas (HCCs) (lesions no larger than 3 cm in diameter) was evaluated in 
a retrospective study of 100 patients. Seven patients with hepatic adenomatous hyper- 
plastic nodules containing HCC foci were also assessed. In 89 patients, the lesion was 
initially detected during follow-up of chronic liver disease. In 21 patients, it was first 
diagnosed on the basis of elevated serum alpha-fetoprotein; in the remaining 79 it was 
diagnosed incidentally with imaging procedures. The overall sensitivities of sonography 
(84%), CT (84%), and angiography (81%) were compared with those of arterial angio- 
graphic CT (82%), portal angiographic CT (91%), lipiodol CT (93%), and intraoperative 
sonography (96%). The differences in sensitivity between angiography and lipiodo! CT 
(p < .05) and between intraoperative sonography and the other studies (p < .01) were 
Statistically significant. In 22 lesions smaller than 1 cm, the sensitivities of lipiodol CT 
and intraoperative sonography were high (83% and 86%, respectively). Adenomatous 
hyperplasias containing HCC foci were frequently detected by arterial angiographic CT 
and intraoperative sonography. z 

These results show that sonography or CT and alpha-fetoprotein are useful in 
detecting small HCCs in screening programs of patients with chronic liver disease. 
Lipiodol CT and intraoperative sonography are necessary in patients who are candidates 
for surgery. i 
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Patients with small hepatocellular carcinomas (HCCs) (lesions <3 cm in diameter) 
frequently are referred to the National Cancer Center Hospital in Tokyo. The 
number of such patients who undergo partial hepatectomies is increasing every 
year [1]. This trend is mainly due to the screening program, which includes 
measurement of alpha-fetoprotein (AFP) and sonography for small HCCs in patients 
with chronic liver disease, that was instituted recently in Japan [2, 3]. In order to 
determine the operability of the lesion and the appropriate surgical procedure to 
decrease postoperative recurrence [4], other preoperative examinations such as 
arterial angiographic CT [5, 6], portal angiographic CT [7] (both are combinations 
of CT and angiography), and lipiodol CT [8-10] were carried out in candidates for 
surgery. In this study, we determined and compared the efficacy of these various 
procedures for the detection of small HCCs in 100 patients. 


Materials and Methods 


From 1982 to 1987, 247 patients had surgery for HCC at the National Cancer Center 
Hospital in Tokyo. Of these, -100 patients with 135 small HCCs measuring 3 cm or less in 
maximum diameter were selected for this study. The group comprised 82 men and 18 women 
30-79 years old (average, 57 years old). In approximately 90% of these patients, HCC in the 
liver was suspected or diagnosed at other clinics or hospitals, and the patients were referred 
to our hospital. 


50 TAKAYASU ET AL. 


AJR:1565, July 1990 


TABLE 1: Initial Detection of Small Hepatocellular Carcinomas With and Without Liver Cirrhosis 














, No. of initial Diagnosis Made by No. with 
Size (cm) Patients i Cirrhosis 
AFP Sonography CT Angiography 
<1 4 0 2 1 1 1 
1-2 43 8 23 10 2 34 
2-3 53 13 31 9 0 41 
Total? 100 (89) 21 (20) 56 (48) 20 (18) 3 (3) 76 





Note.—AFP = alpha-fetoprotein. 


* Numbers in parentheses represent patients in whom small hepatocellular carcinoma lesions were diagnosed during 


the follow-up study for chronic liver disease. 


Real-time sonography (Aloka SSD 250, 256, 258 and/or 280, 
Tokyo; or Hitachi EUB 40, Tokyo) was performed by using a linear 
or convex scanner (3.5 MHz) in all but two patients. Unenhanced CT 
(Toshiba 60A and/or 900S, Tokyo) scans of the whole liver were 
obtained in 97 patients. Subsequently, dynamic CT at a single-slice 
level followed by incremental sequential CT without active contrast 
injection was performed in approximately one-third of 97 patients, 
after the lesion had been detected by unenhanced CT. In the remain- 
ing two-thirds, in whom a mass lesion had not been recognized on 
unenhanced CT, rapid incremental sequential CT was performed 
initially. Both dynamic CT at a single-slice level and rapid incremental 
CT with bolus injection of 100 ml of 65% methylgiucamine diatrizoate 
(Angiografin, Schering, Bergkamen, West Germany) at a speed of 2- 
3 ml/sec were begun 25~30 sec (Toshiba 60A: contiguous 15.5-sec 
scans of three slices for single-slice dynamic CT and four or five 
repeat series for rapid incremental CT with 10-sec interscan delay) 
or 35-40 sec (Toshiba 900S: contiguous 16-sec scans of six slices 
for single-slice dynamic CT and two or three repeat series for rapid 
incremental CT with 10-sec interscan delay) after beginning the 
injection of contrast medium. Hepatic angiograms were obtained in 
99 patients (common hepatic in nine; proper hepatic in the remainder). 

One or two additional studies were performed immediately after 
conventional angiography in 60 patients chosen at random. if a 
vascular anomaly such as a replaced right and/or left hepatic artery 
was shown on the angiogram, portal angiographic CT was carried 
out to survey the whole liver. In 11 patients, arterial angiographic CT 
was performed with the use of 75-80 ml of 60% Angiografin (Toshiba 
60A) or 60 ml of 20% Angiografin (Toshiba 900$) injected in the 
common hepatic artery at a speed of 1-2 mi/sec. In these patients, 
CT scans were obtained beginning 2 sec after the injection of contrast 
medium [6]. In 17 patients, portal angiographic CT was performed; 
the catheter tip was placed deep in the superior mesenteric artery 
with injection of 100 ml of 20% Angiografin at a speed of 3 mi/sec 
and CT was begun 23 sec later. With both arterial and portal angio- 
graphic CT, incremental CT was used to study the whole liver. 

Lipiodol CT was performed in 43 patients with the use of 5 ml of 
lipiodol (Ethiodol, Andre-Gelbet Laboratories, Cedex, France) with 
and without 20 mg of doxorubicin hydrochloride (Adriamycin, Adria, 
Dublin, OH), which was injected in the proper and/or right or left 
hepatic arteries. Follow-up unenhanced CT was performed 0-75 
days (average, 14 days) after injection of lipiodol [8-10]. In 23 
patients, injection of gelatin sponge particles was followed by injection 
of emulsion of lipiodol and doxorubicin. Portal angiographic CT fol- 
lowed by lipiodol CT (nine patients) and arterial angiographic CT 
followed by lipiodol CT (two patients) were performed on the same 
day. These studies were done within approximately 1 month in more 
than 90% of cases; the interval between these studies and surgery 
ranged from 1.0 to 4.5 months (average, 3.2 months). 

The lesions were measured in the cut surface of the resected 
specimen. 


Results 


In 89 of 100 patients, small HCCs were detected during 
the follow-up study for chronic liver disease (Table 1). In the 
remaining 11 patients, the diagnosis was made incidentally at 
a medical checkup or during survey for other diseases. In 21 
patients, HCC was strongly suspected during the follow-up 
of chronic liver disease because of a gradual increase in AFP 
above 400 ng/ml; 56 patients were diagnosed with sonogra- 
phy as the first imaging procedure, 20 with CT, and only three 
with angiography. All four patients with HCC lesions smaller 
than 1 cm were diagnosed by imaging; their AFP values were 
normal. The noncancerous portion of the liver was diagnosed 
histopathologically as having liver cirrhosis, including precir- 
rhosis in 76 (76%) of 100 patients. Liver cirrhosis was found 
in only one of the four patients with an HCC lesion smaller 
than 1 cm. 

Forty (41%) of 97 patients had normal AFP values; 41 had 
slightly elevated values, ranging from 20 to 400 ng/mi (Table 
2). In only 16 patients (17%) were AFP values greater than 
400 ng/mi. When tumor size and frequency of AFP tests with 
abnormal results were correlated, AFP tests with normal 
results increased with decreasing tumor size. All four patients 
with a lesion smaller than 1 cm had normal AFP tests. 

In the conventional studies, sonography (Fig. 1A), CT (Fig. 
1B), and angiography (Fig. 2A) yielded detection rates of 84%, 
84%, and 81%, respectively (Table 3). Arterial angiographic 
CT (Fig. 1C), portal angiographic CT (Fig. 2B), lipìodol CT 
(Fig. 3A), and intraoperative sonography, performed as further 
examinations, showed better results, except for arterial an- 
giographic CT: 82%, 91%, 93%, and 96%, respectively. There 
were significant differences between angiography and lipiodol 
CT (p < .05) and between intraoperative sonography and 
sonography, CT, angiography, and arterial angiographic CT 


TABLE 2: Levels of Alpha-fetoprotein in Patients with Small 
Hepatocellular Carcinomas in Relation to Tumor Size on 
Admission 














Sodi No. of Alpha-fetoprotein (ng/ml) 
ize (cm A 
Patients <20 20-400 400-1000 >1000 
<1 4 4 0 0 0 
1-2 45 23 16 4 2 
2-3 48 13 25 2 8 
Total 97 40 41 6 10 
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Fig. 1.—Hepatocellular carcinoma 1.5 cm in diameter found during follow-up examination of patient with chronic liver disease. 
A, Transverse sonogram shows isoechoic hepatic mass (arrow) with thin halo. UP = umbilical portion. 
B, Dynamic CT scan shows poorly defined small tumor (arrow) with only slight contrast enhancement. 


C, Arterial angiographic CT scan shows high-density tumor (arrow). 





Fig. 2.—Hepatocellular carcinomas associated with adenomatous hyperplasia. 

A, Hepatic angiogram shows small hypervascular lesion in liver. 

B, Portal angiographic CT scan shows two low-density areas. Large one (arrow) was seen on angiogram; small one (arrowhead) was not. 

C, Cut specimen shows three small lesions. Largest one (2 cm in diameter) was recognized on angiogram (straight arrow); a small one (0.8 cm) was 
seen on portal angiographic CT (arrowhead); the third lesion (1.3 cm) (curved arrow) was detected with intraoperative sonography. Third lesion was 
diagnosed histopathologically as adenomatous hyperplasia. 


(p < .01). For tumors 1-3 cm in size, the detection rate with 
each imaging procedure was generally high. Statistically, 
there was a significant difference between intraoperative so- 
nography and sonography (p < .05), CT (p < .05), and 
angiography (p < .01). For 22 tumors smaller than 1 cm in 
diameter, there were significant differences between sonog- 
raphy and lipiodol CT (p < .05), between CT and lipiodol CT 
(p < .05), and between intraoperative sonography and the 
other four studies (p < .01 to p < .05). Intraoperative sonog- 
raphy showed the best detection rate for lesions of any size. 
Five small HCCs were not detected with intraoperative so- 
nography: two of them had been preoperatively diagnosed by 
imaging; three were found when the resected specimen was 
cut into slices. 


The detection rates for seven adenomatous hyperplastic 
lesions containing small HCC lesions [11, 12] were as follows: 
sonography, 57% (Fig. 4A); CT, 33%; arterial angiographic 
CT, 67% (Fig. 4B); portal angiographic CT, 50%; and intra- 
operative sonography, 86% (Table 4). These foci were dem- 
onstrated as anechoic tumors both on conventional and intra- 
operative sonography. Both angiography and lipiodol CT 
failed to detect seven and three lesions, respectively, although 
lipiodol CT proved to be highly sensitive in the study of small 
HCCs. Two lesions were detected as a low-density mass on 
dynamic single-slice CT and another two on arterial angio- 
graphic CT; they did not enhance with contrast medium. The 
mean diameter of adenomatous hyperplasias containing HCC 
foci was 1.4 cm (range, 1.0-1.7). Measurement of the area 
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TABLE 3: Detection Rates of Various Imaging Techniques for of HCC or extent of its growth was not always easy because 
Small Hepatocellular Carcinomas the boundary between the component of HCC and the non- 
——————__ No, Detected/No. Studied (%)_7ŢȚŢȚŢȚ— Cancerous portion was indiscrete in the adenomatous hyper- 
Study Se Ear Total® plastic nodule [12]. The maximum size of the area of the HCC 
(n=22) (n=113) (n= 135) component varied from 3.0 mm to less than 0.1 mm in 
Sniceraphy 7/19 (37) 101/110 (92) 108/129 (84) diameter. Therefore, the differential diagnosis of simple ade- 
CT 8/19 (42) 100/110 (91) 108/129 (84) nomatous hyperplasia from adenomatous hyperplasia con- 
Angiography 12/22 (55) 97/112 ce 109/134 (81) taining HCC could be done only by using microscopic exam- 
Arterial angiograghic CT 0/1 (0) 14/16 (88) 14/17 ah ination. 
cee sT enn OF HAE A He A A e 3 Foci found to be false-positive on imaging studies included 
Intraoperative sonography 19/22 (86) 111/113 (98) 130/135 8) five lesions on sonography, four on CT, five on angiography, 


RAG ITZ EEE REE FE EELS one on portal angiographic CT, four on lipiodol CT (Fig. 5), 


ap < .05 for lipiodol CT vs sonography and CT and for intraoperative d 18 int ti hv. Th di ` f 
sonography vs CT, angiography, and arterial angiographic CT; p < .01 for an on intraoperative sonography. e medium sizes 0 


intraoperative sonography vs conventional sonography. false-positive lesions were 1.5 cm (range, 0.8-1.7 cm) on 
? p < .05 for intraoperative sonography vs conventional sonography and CT; sonography, 1.4 cm (0.9-1.5 cm) on CT, 1.0 cm (0.3-1.1 cm) 
p < .01 for intraoperative sonography vs angiography. n : A : 
€p < .05 for angiography vs lipiodol CT; p < .01 for intraoperative sonog- on angiography, 0.8 cm on portal angiographic CT, 0.7 cm 
raphy vs conventional sonography, CT, angiography, and arterial angiographic (0.4-0.9 cm) on lipiodol CT, and 0.75 cm (0.7-0.8 cm) on 
CT. intraoperative sonography. These suspected lesions were 


Fig. 3.—Hepatocellular carcinoma located in 
posterior superior area of liver. 

A, CT scan 10 days after injection of lipiodol 
shows slight retention of lipiodol (arrow). 

B, Cut specimen shows two 5-mm white nod- 
ules (arrows); size is almost same as that of 
surrounding regenerative cirrhotic nodules. Re- 
tention of lipiodol within nodules was confirmed 
on radiograph of specimen. 













Fig. 4.—Adenomatous hyperplastic lesion containing hepatocellular carcinoma found incidentally with sonography during follow-up examination in 
patient with chronic liver disease. 

A, Sonogram shows spherical hypoechoic mass (arrow). 

B, Arterial angiographic CT scan shows low-density mass (arrow) in liver. 

C, Cut surface of resected specimen shows yellow-white lesion of hepatocellular carcinoma, 1.8 x 1.4 cm, consisting of several fused hyperplastic 
nodules similar to surrounding pseudonodules. 
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TABLE 4: Detection Rates of Various Imaging Techniques for 
Adenomatous Hyperplastic Nodules Containing Foci of 
Hepatocellular Carcinoma 





No. Detected/No. Studied (%) 








Study <1cm  1-3cm Total 

(n=3) (n=4) (n =7) 
Sonography 1/3 3/4 4/7 (57) 
CT 0/3 2/3 2/6 (33) 
Angiography 0/3 0/4 0/7 (0) 
Arterial angiographic CT 0/1 2/2 2/3 (67) 
Portal angiographic CT 0/1 1/1 1/2 (50) 
Lipiodol CT 0/2 0/1 0/3 (0) 
Intraoperative sonography 2/3 4/4 6/7 (86) 





Fig. 5.—False-positive lesions on lipiodol CT. Lipiodol CT scan shows 
several small areas of retained lipiodol measuring 0.8 and 0.7 cm (arrows) 
close to gallbladder. Resected specimen had no hepatocellular carcinoma 
lesion. Nonspecific scattered clusters of lipiodol in both regenerative 
nodules and connective tissues were confirmed on radiographs and his- 
tology (not shown). 


carefully examined with intraoperative sonography during lap- 
arotomy, but no HCCs were detected and the lesions did not 
enlarge during average follow-ups of 8.2 months (range, 4- 
11 months). Needle biopsies were performed in the foci that 
were not diagnosed preoperatively and were newly detected 
with intraoperative sonography; they were diagnosed histo- 
pathologically as simple adenomatous hyperplasia [13] or a 
large regenerative nodule. 


Discussion 


The Japanese National Study of patients with HCC that 
compared the prognosis of patients treated with and without 
hepatectomy showed a more favorable outcome for those 
who had hepatectomy [14]. Smaller lesions were associated 
with a better prognosis [15]. These results suggest that early 
detection of small HCC lesions is important. In our series, a 
small HCC was first detected by AFP and/or diagnostic 
imaging in 89 of 100 patients who had follow-up for chronic 
liver disease. The discovery was incidental in the remaining 
11 (Table 1). Sonography most frequently provided the first 
clue to the detection of small HCCs, perhaps because it is 
used most. The overall detection rates for sonography, CT, 
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and angiography were, in fact, almost the same (Table 3). 
Sonography has proved to be a more important screening 
tool than AFP, because small lesions are less likely to be 
associated with abnormal AFP values. When the HCC lesion 
was smaller than 1 cm in diameter, AFP measurement was 
useless (Table 2). 

The detection rates for small HCCs 3 cm or smaller [16] or 
for HCCs 5 cm or smaller [2] by using sonography, CT, and 
angiography have been reported for a small number of pa- 
tients. Workers using sonography and conventional CT and 
angiography to detect small HCCs report similar sensitivities 
for the various procedures (approximately 80%) (Table 3), 
and no significant difference was found among them. There 
are several reasons for false-negative results with each tech- 
nique. With sonography, liver atrophy may result in failure to 
detect a lesion, especially when the lesion is situated imme- 
diately below the diaphragm. In these cases, it is difficult to 
differentiate small HCCs, regenerative nodules, and adenom- 
atous hyperplasia [13]. In CT, respiratory movements and 
partial-volume averaging cause false-negative results. In an- 
giography, HCCs may not enhance with contrast medium 
[17]. Additional diagnostic procedures are necessary to de- 
termine operability and the best operative method. Portal 
angiographic CT and lipiodol CT showed high sensitivities for 
the detection of small HCC lesions. For lesions smaller than 
1 cm, lipiodol CT was superior to sonography and CT (Table 
3). Lipiodol CT is recommended after angiography to detect 
lesions smaller than 1 cm. However, we had a false-negative 
result in one case, even though lipiodol CT was positive when 
the uptake of lipiodol was recognized within the lesions. In 
this patient the lesion was hypovascular on angiography and 
lipiodol was not retained within a 3-cm HCC lesion. Portal 
angiographic CT also shows small lesions, although no sig- 
nificant difference was recognized between portal angio- 
graphic CT and lipiodol CT. More prospectively studied cases 
are required for comparison. Intraoperative sonography [18] 
had the best sensitivity of the various imaging procedures. It 
detected all except two lesions identified preoperatively. The 
average delay of 3 months between preoperative imaging and 
intraoperative sonography also may have influenced the re- 
sults. When the whole liver is composed of macroregenerative 
nodules, intraoperative sonography sometimes fails to detect 
HCC lesions smaller than 1 cm (Fig. 3). 

For adenomatous hyperplastic nodules containing HCC 
foci, intraoperative sonography had a high sensitivity (86%); 
conventional sonography ranked third (Table 4). These lesions 
were shown as hypoechoic lesions without the mosaic (nod- 
ule-in-nodule) pattern and marginal halo (hypoechoic ring) that 
are characteristic of small HCCs [2, 19]. They are also seen 
as low-density areas in the early phase of dynamic CT and 
arterial angiographic CT (Fig. 4B). These findings may reflect 
the high density caused by hypercellularity [11, 12] and 
immature tumor vessels within adenomatous hyperplasia with 
HCC. The same findings are also seen in simple adenomatous 
hyperplasia. 
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Hepatic Hemangiomas vs 
Metastases: MR Differentiation at 1.5 T 





We retrospectively studied the value of MR imaging at 1.5 T in distinguishing hepatic 
hemangiomas (n = 15) from metastases (n = 15) by using (1) lesion/liver signal-intensity 
ratios, (2) contrast/noise ratios, and (3) T2 relaxation time on long TR/TE spin-echo (SE) 
sequences. Lesion/liver margin sharpness, lesion shape, and overall lesion morphologic 
pattern were evaluated also. Univariate logistic regression analysis of the quantitative 
data showed that T2 was the only statistically significant (p < .02) variable for distin- 
guishing a hemangioma from a metastasis. A receiver-operator-characteristic plot of T2 
produced an area of 0.80 (+0.08). T2 values for these lesions still overlapped with those 
for metastases. Morphologically, hemangiomas were sharply marginated (80%), 
rounded or oval (93%), homogeneous, hyperintense lesions (73%), whereas metastases 
were poorly marginated (66%) and inhomogeneous (67%) lesions. The marked, hyper- 
intense appearance was present in 27% of metastases. Retrospective, multivariate 
logistic regression analysis of T2 and the presence of hyperintense morphology did not 
improve results based on T2 alone. Morphologic criteria are helpful in differentiation, as 
some metastases have a prolonged T2 and are not homogeneous, hyperintense lesions. 
In cases where T2 or morphology are equivocal, other diagnostic tests may help confirm 
the MR findings. 

We currently use a T2 of greater than 88 msec and the presence of hyperintense 
morphology to diagnose hemangiomas. Despite both quantitative and qualitative analy- 
sis, data for these hemangiomas and metastases still overlap. 
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Differentiating a hepatic hemangioma from a malignant neoplasm can be difficult 
regardless of the imaging study used [1-6]. Recent MR reports [7-16] have shown 
that various quantitative and qualitative measurements can help to differentiate 
these common benign tumors from metastases and hepatomas. Only three of 
these reports concern imaging at 1.5 T [14-16]. One reported success with 
contrast-to-noise ratios on long TR/TE images; the other two showed excellent 
differentiation by using T2 weighting and the gradient-echo technique. 

To clarify this problem further at 1.5 T, we retrospectively reviewed our experi- 
ence in hemangiomas and metastases, comparing quantitative and qualitative 
values. 


Materials and Methods 


During 28 months (October 1985 through February 1988), 15 patients with 22 hepatic 
hemangiomas had MR imaging to exclude metastatic disease or to characterize lesions 
identified on CT. The mean age of the patients was 52.4 years (range, 31-78 years). There 
were nine women and six men. Eleven of the patients had single lesions, and four had multiple 
lesions (one patient with four hemangiomas, one patient with three hemangiomas, and two 
patients with two hemangiomas). The diagnoses were confirmed in the following ways: 
autopsy and surgery (two), characteristic findings on dynamic bolus CT and radionuclide flow 
study (four), characteristic findings on dynamic bolus CT alone (eight), and angiography (one). 
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In order to choose known metastatic hepatic disease for compar- 
ison, the MR logbook was perused. Because minor software changes 
occurred during the study period, we searched for scans of metastatic 
disease obtained by using the same software as that used to image 
the hemangioma. Therefore, patients with metastatic disease 
scanned within 1 week of each hemangioma were chosen. Once a 
patient was Identified, confirmation of the diagnosis was sought. The 
diagnosis was deemed confirmed either when a biopsy was per- 
formed or if the lesion changed in size on follow-up scans. Biopsy 
was performed in five patients, and the lesions changed in size in 10. 
The mean age of these patients was 51.3 years (range, 23-71 years). 
There were nine men and six women. Primary malignant tumors 
included colonic carcinoma (five), lung carcinoma (four; adenocarci- 
noma, squamous Cell carcinoma, small-cell carcinoma, and large-cell 
carcinoma, one each), adenocarcinoma of unknown origin, carcinoid, 
melanoma, breast carcinoma, renal cell carcinoma, and gastric leio- 
myoblastoma, all one each. 

All MR images were obtained on a 1.5-T superconducting magnet 
(Signa, GE, Milwaukee, WI) by using spin-echo (SE) pulse sequences. 
All images were obtained with respiratory compensation. Sections 
were 10-mm thick with a 5-mm slice gap. Images were reconstructed 
by using a two-dimensional Fourier transform technique with an image 
matrix of 128 x 256, two excitations, and a body coil for transmission 
and reception. Only long TR/TE SE, T2-weighted pulse sequences 
were analyzed. Of the 15 patients with hemangiomas, 13 were 
scanned by using SE 2500/20, 80 msec (TR/first-echo TE, second- 
echo TE) pulse sequences. One patient was scanned with a 2000/ 
20, 80 sequence and the last with an SE 3000/20, 60 pulse sequence. 
Of the 15 patients with metastatic disease, seven were scanned with 
an SE 2500/20, 80 pulse sequence, seven with a 2500/25, 80 pulse 
sequence, and the last with a 2000/20, 80 pulse sequence. 

For the quantitative analysis, signal-intensity (Sl) ratios between 
the lesion and the liver and contrast-to-noise (C/N) ratios were 
calculated: SI ratio = Shresion/ivers C/N ratio = (Shesion — Shiver)/Slncise. NO 
adjustment was made for the patients scanned at a TR other than 
2500 msec (two scanned with a TR of 2000 msec and one with a TR 
of 3000 msec). In order to measure the signal intensity of both the 
hemangiomas and metastases by means of an electronic cursor, we 
used the largest oval or round region of interest (ROI). In order to 
minimize partial volume effect, we used an ROI that approached but 
did not extend beyond the mass margin. No attempt was made to 
measure portions of the mass if it was heterogeneous. We thought 
that this maximum-sized ROI would be the most reproducible in the 
clinical environment and would eliminate the problem of interpreting 
the significance of areas of highest and lowest signal within the mass. 
Liver signal intensity was measured with the same size ROI, adjacent 
to the lesion measurement. If the liver mass was large (too large for 
an appropriate RO! of the liver), then the ROI was made as large as 
possible without including extraneous structures such as hepatic 
vessels. Background noise was measured with a large RO! ventral 
to the patient for reasons described elsewhere [10]. Although a 
standard deviation is given when signal intensity is calculated, in 
order to simplify ratio calculations, this was not included. Because 
only one measurement was made, no standard deviation of multiple 
measurements was obtained. In order to facilitate computer process- 
ing of the signal intensity, 1024 is added to each voxel. Accordingly, 
1024 was subtracted from each RO! before the ratios were obtained. 

As with the signal-intensity measurements, the ROI for calculating 
T2 was as large as possible for the hepatic mass. The only difference 
was that a square RO! was used rather than an oval one. An oval or 
round ROI is not available for a T2 calculation on our software. Again, 
care was taken not to make the ROI too large, thereby excluding a 
partial volume effect. The T2 of the lesion was calculated from the 
first and second echo of the T2-weighted, SE pulse sequence by 
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using preexisting software. The software does not calculate a stan- 
dard deviation for this measurement. Because only one measurement 
was made, no standard deviation with multiple measurements was 
obtained. 

For hypothesis testing, the data were analyzed statistically. As all 
standard statistical tests assume a random sample, all nonrandom 
information was excluded. Multiple lesions in a single patient are not 
considered independent and, therefore, are not random. As a con- 
sequence, only one each of the 11 masses in four patients was 
included. These were chosen by the statistician randomly without 
knowledge of the data. Then, logistic regression was performed to 
determine which parameter(s) was statistically significant for distin- 
guishing a hemangioma from a metastasis. 

Qualitative aspects of the lesion morphology were assessed also. 
One observer evaiuated three of these: lesion/liver margin sharpness, 
shape, and overall pattern. Lesions were considered sharply defined 
if more than 80% of the interface between the lesion and liver was 
sharply defined. Shape characteristics included round or oval lesions 
with lobulations or small nipple excrescences. Three lesion patterns 
were defined on the basis of overall lesion intensity relative to the 
liver and lesion homogeneity. A homogeneous, hyperintense lesion 
showed uniform, marked increased signal relative to the liver. Septa 
or discrete, linear low-signal bands were sometimes present in these 
lesions. Lesions were considered inhomogeneous if they contained 
areas of variably increased signal with featureless contents. A target 
lesion showed a central bright signal surrounded by a less intense 
signal, both of which were more intense than the signal from the liver 
[12]. 

After analyzing the qualitative assessments of lesion morphology, 
it was evident that morphology can contribute to the differentiation 
of hemangiomas from metastases. The marked, hyperintense mor- 
phology appeared to be the most helpful in this differentiation [13]. 
Therefore, we retrospectively applied a multivariate logistic regression 
by using T2 and homogeneous morphology to determine whether 
results with this morphologic characteristic added were better than 
results based on T2 alone. i 


Results 


The hemangiomas evaluated ranged in size from 0.8 to 4.9 
cm (mean, 2.4 cm; standard deviation, 1.3). The metastases 
evaluated ranged in size from 1.3 to 9.0 cm (mean, 4.4 cm; 
standard deviation, 2.4 cm). 

The SI and C/N ratios of the hemangiomas overlapped 
considerably with those of the metastases (Figs. 1 and 2). 
Much less overlap was present for the calculated T2 values 
(Fig. 3). These quantitative measurements are summarized in 
Table 1. Univariate, logistic regression analysis showed that 
T2 was the only statistically significant {p < .02) variable for 
differentiating a hemangioma from a metastasis. The p values 
for the SI and C/N ratios were less than .50 and .37, respec- 
tively. 

A receiver-operator-characteristic (ROC) plot of T2 for le- 
sions (Table 2) showed reasonable, inherent discriminatory 
capacity with an area under the curve of 0.80 (+ 0.08). At a 
T2 threshold of 63 msec, there was a 93% true-positive 
fraction (TPF) and a 33% false-positive fraction (FPF) in distin- 
guishing hemangiomas from metastases. At an 88-msec T2 
threshold, the TPF was 33% but the FPF was only 6%. 
Although the numbers are small, all but one of the heman- 
giomas had a longer T2 than did the lesions from metastatic 
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Fig. 1.—Scatter plot of signal-intensity ratio for hemangiomas and 
metastases on long TR/TE images. 
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Fig, 2.—Scatter plot of contrast/noise ratio for hemangiomas and me- 
tastases on long TR/TE images. 
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Fig. 3.—Scatter plot of calculated T2 relaxation time for hemangiomas 
and metastases. 


breast, colonic, and renal cell carcinoma and melanoma. The 
one hemangioma with a shorter T2 was inhomogeneous and 
located in the dome of the liver, where there were consider- 
able motion artifacts. Only the four lung carcinomas and the 
leiomyoblastoma had T2 values greater than 86 msec. The 
one carcinoid had a T2 of 56 msec. 

For the qualitative analysis, hemangiomas tended to be 
rounded to oval, sharply marginated lesions that were ho- 
mogeneous and hyperintense relative to the liver (Figs. 4 and 
5, Table 3). Many (5/11) of these hemangiomas showed thin, 
linear septa. Only 20% (3/15) of the metastases showed this 
homogeneous, hyperintense appearance (Fig. 5). These were 
two lung carcinomas (squamous cell and small cell) and a 
gastric leiomyoblastoma. 

Metastases were generally inhomogeneous, less-well-mar- 
ginated lesions (Fig. 6); the target pattern was less common 
(Table 3). Interestingly, one large-cell lung carcinoma with a 
target pattern had a T2 of 87 msec. Hemangiomas also 
showed an inhomogeneous pattern in 27% (Fig. 7). 

When a T2 threshold of 88 msec was chosen, only one 
metastasis was included. Morphologically, this metastatic 
leiomyoblastoma showed a homogeneous, hyperintense pat- 
tern (Fig. 5). At this threshold of 88 msec, 10 hemangiomas 


TABLE 1: Mean Signal-Intensity Ratio, Contrast/Noise Ratio, 
and T2 Relaxation Time of Hemangiomas and Metastases 
Fe EI E E NAT SRS HL NTI TE EI IE 
Signal-intensity Contrast/Noise T2 in msec 








Lesion Ratio (SD) Ratio (SD) (SD) 
Hemangioma 2.7 (0.7) 7.2 (4.4) 85.6 (26.3) 
Metastases 3.0 (1.9) 5.8 (4.3) 61.4 (18.5) 





TABLE 2: Receiver-Operator-Characteristic Analysis of T2 for 
Hepatic Masses 
EL, STEPS Oe AE NT AE NL LE IIIT NBT LETS IT E OT SEITE IO R 


T2 Threshold True-Positive False-Positive 
(msec) Fraction Fraction 
34 1.00 1.00 
53 1.00 0.66 
63 0.93 0.33 
83 0.53 0.26 
88 0.33 0.06 


a ee 

Note.—Area = 0.80 + 0.08. True-positive fraction is the fraction of heman- 
giomas correctly diagnosed. False-positive fraction is the fraction of metastases 
incorrectly diagnosed. 


were excluded. Two of these showed an amorphous pattern, 
and eight were hyperintense lesions. The two amorphous 
hemangiomas had T2 values of 53 and 66 msec. Both were 
present on scans with considerable motion artifacts and 
image degradation. Of the two hypervascular metastases 
(carcinoid and renal cell carcinoma), one was a target lesion 
with a T2 of 56 msec and the other was inhomogeneous with 
the same T2. 

When retrospective multivariate analysis was used, the 
addition of the presence of the homogeneous, hyperintense 
morphology did not improve on the analysis with T2 alone. 


Discussion 


During the past 3 years, growing evidence has supported 
the conclusion that MR can distinguish hepatic hemangiomas 
from malignant neoplasms on the basis of quantitative and 
qualitative aspects of T2-weighted, long TR/TE, SE pulse 
sequences [1-16]. Only two groups have explored these 
characteristics at 1.5 T [14-16]. At this field strength, one 
group has shown that T2 weighting and the gradient-echo 
technique provide an excellent discriminatory index for distin- 
guishing hemangiomas from hepatomas [14, 15]. Another 
group found C/N ratios helpful in distinguishing hemangiomas 
from metastases [76]. 

Our study supports the conclusion that T2 is a statistically 
significant variable for differentiating a hemangioma from a 
metastasis. A calculation of T2 by using the first and second 
echo from a long TR/TE, SE sequence is obtained from a 
single set of voxels from the patient’s body, thus avoiding or 
lessening the risk of error originating from a calculation de- 
rived from two separate locations. We recognize that calcu- 
lated T2 values obtained at high field strength by using a 
multislice, two-echo sequence unreliably reflect the actual T2 
of the tissues [17-20]. Nonetheless, T2 calculations provide 
a value that, in this study, successfully differentiated heman- 
giomas from metastases. 

Further, our data support the assertion that qualitative, 
morphologic information can be useful in differentiating he- 
mangiomas from metastases [12, 13]. In our series, the 
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Fig. 4.—A and B, MR images, 2500/80, show homogeneous, hyperintense pattern in hepatic 


hemangiomas. Note lobulations in A and septum in B (arrow). 


TABLE 3: Qualitative Analysis of Hemangiomas and Metastases 
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Fig. 5.—MR image, 2500/80, shows homoge- 
neous, hyperintense pattern in metastatic gastric 
leiomyoblastoma (arrows). 
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; Homogeneous, 
Sharp Irregular Round/Oval Lobulations Hyperintense Inhomogeneous Target 
Hemangiomas (n = 15) 12 3 14 8 11 (5 with septa) 4 0 
Metastases (n = 15) 5 10 4 4 3 (1 with septa) 10 2 
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Fig. 6.—A and B, MR images, 2500/80, show inhomogeneous pattern (arrowhead, A) in metastatic 
colonic carcinoma and target pattern (arrow, B) in metastatic breast carcinoma. 


characteristic homogeneous, hyperintense appearance was 
present in 73% of the hemangiomas, and in 27% of metas- 
tases (a gastric leiomyoblastoma, a small-cell lung carcinoma, 
and a squamous cell lung carcinoma). Although retrospective 
multivariate logistic regression showed no additive effect of 
T2 plus presence of hyperintense appearance, morphology 
may be as good a discriminating factor as T2. In a recent 
series [13], hypovascular metastases were differentiated re- 
liably from hemangiomas on the basis of qualitative measure- 
ments alone. In this and other series, the characteristic ap- 
pearance of a hemangioma has been seen with hypervascular 


Fig. 7.—MR image, 2500/80, shows inhomo- 
geneous pattern in a hepatic hemangioma (ar- 
rowheads). 


endocrine tumors, sarcomas, uterine carcinoma, and in our 
experience, in a pelvic rhabdomyosarcoma, gastric leiomyo- 
blastoma, and lung carcinoma [10, 12, 13]. In addition, some 
metastases, including those just mentioned, may mimic he- 
mangiomas on MR images, independently of the primary 
tumor. Of course, any list of these metastases is based on 
limited, anecdotal experience without pathologic correlation. 

In this study we analyzed images produced by using only 
80 msec as the maximum echo on long TR sequences. This 
may explain why our results do not agree with earlier work 
[10, 12]. In these series [10, 12], SE sequences with a 180- 
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msec echo were used to maximize T2 contrast between liver 
and lesion. Because hemangiomas should have longer T2 
times than metastases, by maximizing T2 differences, it 
should be possible to distinguish hemangiomas from metas- 
tases. At shorter echo times, this difference may be obscured. 
We have relied on an 80-msec echo as a standard because 
until recently the overall signal on longer echoes has been 
suboptimal on our system. With high-field-strength systems, 
off resonance effects and RF, magnetic field inhomogeneity 
have made- precise 180° pulses difficult. This leads to signal 
dropoff at longer echoes and artificially shortened T2 times. 
if this problem could have been overcome, then longer echoes 
could have been used. 

Despite this, we question data produced by signal intensi- 
ties and ratios that result from intensities obtained from 
separate tissues. Signal intensity depends on complex inter- 
nal and external variables, including technical factors inherent 
to each system and artifacts resulting from motion and im- 
proper flip angles. Further, the data produced by the ratio of 
two anatomically separate signal intensities could be subject 
to more error and variation than data from a single location 
would be. This error would result from the risks of compound- 
ing structural artifacts such as ghosts and variability in the 
RF excitations field. Lastly, comparison of a lesion with the 
liver assumes insignificant variability in liver intensity. Liver 
signal can be profoundly affected by fatty infiltration and iron 
deposition [21-23]. Iron effect in tissue is markedly accen- 
tuated at high field, leading to potentially erroneous values 
when this tissue is used as a standard for comparison [24]. 

In conclusion, in our retrospective review of a small number 
of metastases and hemangiomas, a calculated T2 was the 
only quantitative variable that could be used to distinguish 
between these lesions at 1.5 T with an 80-msec echo. None- 
theless, overlap exists even with this parameter, raising ques- 
tions about its absolute role in the differentiation of these 
lesions. The role of lesion morphology remains uncertain as 
well. Therefore, in cases where either T2 or morphology are 
unable to differentiate hemangiomas from metastases, other 
diagnostic tests may be necessary. 

In our practice now, we initially measure the T2 of a liver 
lesion. If the T2 is greater than 88 msec, then we evaluate 
the lesion’s morphology. If the lesion is homogeneous and 
hyperintense, then our diagnosis is hepatic hemangioma, 
unless the patient has a known hypervascular tumor or sar- 
coma. If the lesion’s T2 is less than 88 msec, and the lesion 
is morphologically homogeneous and hyperintense, we are 
more equivocal and suggest that the lesion may be a heman- 
gioma. As our experience is limited and is based on a retro- 
spective review of “confirmed” lesions, and because some 
metastases are indistinguishable from hemangiomas by both 
quantitative and qualitative criteria, when there is any question 
or when the absolute diagnosis is essential to treat the patient, 
we rely on other studies and even biopsy to confirm the 
nature of the lesion. Certainly, more experience is necessary 
to determine the type and number of malignant neoplasms 
that mimic hemangiomas. 
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Book Review 





Atlas of Radiologic Imaging. Edited by E. George Kassner. Philadelphia: Lippincott, 688 pp., 1989. $195 


Explosive growth in the field of diagnostic and interventional ra- 
diclogy has made the task of writing radiology textbooks extremely 
difficult. in this effort, the authors’ purpose was “to survey contem- 
porary radiologic imaging in the adult patient.” The text comprises 12 
chapters. Some approach the subject on an organ system or sub- 
specialty basis (bone and joint radiology, skeletal and nonskeletal 
trauma, pulmonary radiology, adult cardiac disease, gastrointestinal 
radiology, imaging the kidney, radiclogy of the brain, diagnostic 
imaging of the head and neck). Others focus on diagnostic imaging 
techniques (abdominal sonography, angiography, interventional ra- 
diology). The authors acknowledge that many subjects, including 
breast, spinal cord, lower genitourinary tract, female genital tract, and 
cerebral angiography, have been omitted because of space limita- 
tions. 

Because it is not considered feasible to encompass the entire field 
of radiology in a single text, it is more pertinent to highlight the 
strengths of this book rather than enumerate subjects that have not 
been covered adequately. The most pleasing feature is the easy-to- 
follow illustrations. They either are supplemented with correlative 
sketches, which allow the reader to recognize readily the important 
diagnostic features, or are well marked with arrows. Furthermore, 
the legends include a list of one- or two-word descriptors that allow 


the reader to recognize immediately the salient features on the 
images. Numerous pathophysiologic processes also are illustrated 
with drawings, and many tables succinctly provide comparative fea- 
tures of certain diseases (e.g., gastrointestinal polyposis syndromes). 
In terms of radiographs, the plain films are well reproduced. However, 
the book has few high-quality CT scans, sonograms, or MR images. 
Atlas of Radiologic Imaging is a 688-page, oversized, single-volume 
textbook containing approximately 2500 illustrations. It has contri- 
butions from 15 authors, all of whom are well known in their respective 
subspecialties. This text wil! be most suitable either for students of 
radiology who are in the early part of their training and need a quick 
overview before reading subspecialty texts containing greater detail 
or for students who need a quick review of concepts and facts that 
already have been acquired. This text will not be useful for persons 
who need an in-depth understanding of a given radiologic topic. 
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Differentiation Between Small 
Hepatic Hemangiomas and 
Metastases on MR Images: 
Importance of Size-Specific Quantitative 
Criteria 


We studied the feasibility of using MR imaging at 0.6 T to differentiate small hepatic 
hemangiomas from smail metastases on the basis of quantitative criteria. Ninety-two 
liver masses up to 5 cm in diameter, including 51 proved hemangiomas (mean, 1.9 + 
1.1 cm) and 41 proved metastases (mean, 1.9 + 1.2 cm) were analyzed. Lesions were 
divided into three groups on the basis of size (<1 cm, >1~<2 cm, >2-<5 cm). The 
ability to distinguish hemangiomas from metastases was examined by using differences 
in lesion/liver signai-intensity ratio (SIR) and contrast-to-noise ratio (CNR) on T2- 
weighted images (SE 2350/180). Receiver-operating-characteristic analysis for all le- 
sions grouped together showed that differentiation based on SIR was superior to that 
based on CNR (p < .05). The mean SIR of hemangioma and the difference between 
mean SIRs of hemangioma and metastasis decreased with lesion size (>2-<5 cm: 6.11 
+ 2.61 vs 2.30 + 1.22; >1-<2 cm: 4.47 + 1.56 vs 2.40 + 0.73; <1 cm: 3.59 + 0.92 vs 
2.01 + 0.52). However, in each size group, the difference between the mean SIR of 
hemangioma and metastasis was statistically significant {p < .0001). 

These observations suggest that MR imaging is useful in differentiating small hepatic 
hemangiomas from small metastases and suggest the need for establishing size- 
specific quantitative criteria for tissue characterization. 


AJR 155:61-66, July 1990 


MR imaging is a highly specific noninvasive test for the diagnosis of hepatic 
cavernous hemangiomas [1-8]. Studies have indicated that differentiation between 
hepatic cavernous hemangioma and liver cancer with MR imaging may be done by 
calculating lesion/liver signal-intensity ratio (SIR) [2, 3], or lesion-to-liver contrast- 
to-noise ratio (CNR) [4], or lesion T2 relaxation times [5, 6], or by subjectively 
comparing signal intensities of lesion and CSF [2, 4, 5, 7]. In emphasizing the 
usefulness of hepatic MR imaging for distinguishing hemangiomas from metas- 
tases, most studies have included lesions that were more than several centimeters 
in size. In clinical practice, however, small liver masses are often encountered. 
Because of volume averaging, these lesions may not appear sufficiently hyperin- 
tense (compared with CSF) to be classified confidently as hemangioma. 

In view of the high sensitivity of MR imaging for detecting liver nodules less than 
1 cm in size, and the high prevalence of benign cavernous hemangioma in adults, 
we undertook this study to determine if MR imaging at 0.6 T can be used to 
differentiate small metastases from small cavernous hemangiomas. 


Materials and Methods 


We reviewed reports of 800 liver MR examinations performed in the past 3 years, and we 
selected proved liver lesions (hemangioma and metastasis) that were up to 5 cm in diameter. 
Diagnosis for each hemangioma was proved by histologic examination of tissue obtained 
during surgery or percutaneous biopsy (n = 6), or by using established imaging techniques 
(CT, sonography, nuclear medicine) showing absence of change in size and internal architec- 
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ture on follow-up imaging examination at least 6 months after the 
first examination (n = 45). Diagnosis of metastatic liver tumor was 
proved by histologic examination of tissue obtained during surgery 
or percutaneous biopsy (n = 6), or by using established imaging 
techniques (CT, sonography, nuclear medicine) showing progressive 
increase in lesion size on follow-up examinations (n = 35). These 
criteria were applied to each hepatic mass in all patients. Thus, in 
patients with multiple lesions, only those lesions meeting these criteria 
were included in the study. Lesion size was measured with electronic 
cursors, and the lesions were divided into three groups according to 
their size (<1 cm, >1-<2 cm, and >2-<5 cm). These groups were 
chosen to classify situations in which volume averaging with a 1.5- 
cm slice thickness would be most problematic (<1 cm), possibly 
problematic (>1-<2 cm), and unlikely to be problematic (>2-<5 cm). 

In 40 patients, we identified 51 proved hemangiomas up to 5 cm 
in diameter (mean, 1.9 + 1.1 cm) and 41 proved metastases up to 5 
cm in diameter (mean, 1.9 + 1.2 cm). Metastases were from colonic 
cancer (27), breast cancer (seven), melanoma (one), and carcinoid 
(six). There were 13 hemangiomas and 12 metastases (breast, six; 
colon, four; carcinoid, one; melanoma, one) in the <1 cm group, 19 
hemangiomas and 16 metastases (colon, 11; carcinoid, four; breast, 
one) in the >1-<2 cm group, and 19 hemangiomas and 13 metas- 
tases (colon, 12; carcinoid, one) in the >2-<5 cm group (Table 1). 

All MR examinations were performed on a 0.6-T superconducting 
unit (Technicare Corp., Solon, OH). Pulse sequences used were spin 
echo (SE) 275/14 (TR/TE) for T1-weighted images and SE 2350/60, 
120, 180 for T2-weighted images. Signal averaging was 10 or 12 for 
SE 275/14 and two, three, or four for SE 2350/60, 120, 180. A field 
of view of 41 x 41 cm and an image matrix of 128 x 256 yielded in- 
plane resolution of 3.2 X 1.6 mm. Slice thickness was 15 mm, and 
interslice gap was 25% (3.75 mm). 

We tested the performance of SIR and CNR on T2-weighted 
images for differentiating hemangiomas from metastases. These 
calculations were made by measuring tissue signal intensity (SI) by 
using operator-defined regions of interest (ROI) plotted on each lesion 
(maximum area), adjacent liver, and background noise on the SE 
2350/180 image [3]. For each lesion, the SIR and CNR were calcu- 
lated as follows [9]: SIR = Shesion/Shiver, and CNR = {Shesion — Shiver]/ 
noise. Noise was defined as standard deviation of background signal 
intensity [9]. To allow comparison of images obtained with different 
number of data acquisitions, we standardized the CNR to reflect two 
signal averages [9]. The standardized CNR was determined with the 
following equation: 


standardized CNR = image CNR x v(2/signal averaging) 


TABLE 1: Mean Signal-Intensity Ratios (SIR) and Contrast-to- 
Noise Ratios (CNR) 











Size Lesion n SIR p Value CNR p Value 
13 3.59 + 0.92 13.33 + 5.89 
<1 cm <.0001 <.05 
M 122.01 + 0.52 8.40 + 4.42 
H 19 4.47+ 1.56 20.36 + 11.44 
>1-<2 cm <.0001 <.005 
M 162.40 +0.73 10.13 + 5.33 
H 196.11+2.61 20.64 + 7.73 
>2-<5 cm <.0001 <.0001 
M 132.304 1.22 9.63 + 5.17 





Note.—H = hemangioma; M = metastasis; SIR and CNR are mean values 
+ one standard deviation; CNR data are adjusted to uniform scanning time 
(two signal averages); p values are for the comparison between hemangioma 
and metastasis in each size group. 
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The SIR and CNR values were plotted against each lesion size group 
for hemangioma and metastases. Comparison between the mean 
SIR and CNR for hemangioma and metastasis in each size group 
was made by the two-tailed Student’s t test. To eliminate bias, we 
reanalyzed data by using one randomly selected lesion per patient 
for each size group. In this analysis, there were 41 hemangiomas and 
21 metastases. The distribution of lesions in each size group was as 
follows. There were 10 hemangiomas and seven metastases (breast, 
two; colon, three; carcinoid, one; melanoma, one) in the <1 cm group, 
15 hemangiomas and eight metastases (colon, six; carcinoid, one; 
breast, one) in the >1-<2 cm group, and 16 hemangiomas and six 
metastases (colon, five; carcinoid, one) in the >2-<5 cm group. 

Receiver-operating-characteristic (ROC) curves were used to de- 
termine the capability of SIR and CNR to differentiate hemangioma 
from metastatic tumor. The ROC curves were generated by using 
previously described methods [3, 10]. True-positive was defined as 
the correct diagnosis of hemangioma by MR imaging, and false- 
positive was defined as the incorrect diagnosis of hemangioma when 
the lesion was in fact a metastasis. By using a series of different 
cutoff values for SIR and CNR, we determined the true-positive 
fraction and false-positive fraction, and ROC curves were generated 
for all lesions grouped together. The areas under the curves and 
standard errors of the ROC curves were calculated [11]. 

To assess the effect of lesion size on the capability of SIR to 
differentiate hemangiomas and metastases, the true-positive frac- 
tions for hemangioma and metastasis for each lesion size group were 
calculated by using various cutoff values of SIR. True-positive fraction 
curves for hemangioma and metastasis were generated with the 
assumption that the data were distributed normally. 


Results 


Scattergrams show raw data of SIR (Fig. 1A) and CNR 
(Fig. 1B) plotted against lesion size group. Although data for 
hemangioma and metastasis overlap in both SIR and CNR 
analysis, the overlap is smaller for SIR. This observation is 
corroborated by the ROC curves (Fig. 2), in which SIR shows 
better performance (p < .05) than CNR in differentiating 
hemangiomas from metastases (SIR: Az = 0.92; CNR: Az = 
0.82). 

The mean SIR and CNR data for each size group are 
summarized in Table 1. In each size group, the mean SIR and 
CNR values for hemangiomas were significantly greater than 
the mean SIR and CNR for metastases. For lesions >2-<5 
cm in size, the difference in the mean values of SIR and CNR 
between metastases and hemangiomas was statistically sig- 
nificant at p < .0001. However, for lesions smaller than 2 cm, 
mean SIR provided discrimination at a greater significance 
level than did mean CNR. When only one lesion in each size 
group was selected randomly from each patient, the statistical 
significance of the difference between the mean SIRs of 
hemangiomas and metastases for each size group decreased 
(s1 cm: p < .005; >1-<2 cm: p < .003). In Figure 1, the 
mean SIR and CNR for hemangiomas and metastases are 
plotted against lesion size. Note that the mean SIR of heman- 
gioma and the difference between the mean SIR of heman- 
gioma and that of metastasis decrease as lesion size de- 
creases. in Figure 3, the true-positive fractions for heman- 
gioma and metastasis for each lesion size group are plotted 
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Fig. 1.—Scattergrams of signal-intensity ratio (SIR) (A) and contrast-to-noise ratio (CNR) (B) show raw data and mean + 1 standard deviation for 
hemangiomas (0) and metastases (m) plotted for each lesion size group. For each size group, hemangiomas are shown on left and metastases on right. 
Overlap is smaller for SIR than CNR, and difference in mean values for all three size groups is statistically significant at p < .0001 only for SIR. 
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Fig. 2.—Receiver-operating-characteristic (ROC) curve comparing sig- 
naLintensity ratio (SIR) and contrast-to-noise ratio (CNR) for all lesions 
grouped together. True-positive fraction (TPF) is fraction of hemangiomas 
correctly diagnosed. False-positive fraction (FPF) is fraction of metastases 
diagnosed as hemangiomas. Area under curve for SIR is 0.92 (standard 
error = 0.03), and area under the curve for CNR is 0.82 (standard error = 
0.04). SIR shows better performance than CNR ( Pp <.05) in differentiating 
hemangioma from metastasis. : 


against TEE cutoff values for SIR. The potential usefulness 
of these plots is described in Figures 4 and 5. 


Discussion 


in the quantitative analysis of MR images, CNR compari- 
sons are most useful when evaluating lesion detection (e.g., 


comparison of different pulse sequences), whereas SIR com- 
parisons are best suited for tissue differentiation (e.g., differ- 
entiating hemangiomas from metastases). Indeed, SIR has 
been reported to be the best quantitative method for differ- 
entiating hemangioma from cancer [2,3], and our results 
confirm the superiority of SIR to CNR. However, our most 
striking observation is that as the size of the lesion diminishes, 
the mean SIR of hemangioma drops precipitately, whereas 
the mean SIR of metastasis remains relatively steady or 
decreases very slightly. We attributed the slight increase in 
mean SIR of metastasis from the >1-<2 cm group to the 
>2-<5 cm group to a disproportionate number of hypervas- 
cular (hyperintense) metastases in the former group [8], and 
this aberration is eliminated if only one lesion per size group 
per patient is selected. As a result, the separation in the mean 
SIR of hemangiomas and metastases was smallest for the 
smallest lesion size group. Nevertheless, the difference be- 
tween the mean SIR of hemangioma and metastasis for each 
size group remained statistically significant. Therefore in this 
setting, subjective or visual criteria are likely to be less reliable 
for.separating hemangiomas from metastases, and the rela- 
tively small difference in SIR between hemangioma and me- 
tastasis may be easily masked by various settings of window 
width and level (Fig. 6). 

A potential shortcoming of the method used in this study 
is the use of more than one lesion from each patient. In strict 
statistical analysis, multiple lesions from a single patient do 
not possess the stochastic independence required by Stu- 
dent’s t test. For patients with multiple lesions that fell into 
different size groups, this analysis poses no problem. How- 
ever, because of the high prevalence of benign liver tumors 
[1], benign and malignant hepatic masses may coexist. Using 
more than one lesion in this situation will bias the results 
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toward the null hypothesis. Conversely, use of multiple lesions 
of the same size and histology from one patient may bias the 
results toward the alternative hypothesis. Indeed, in the rean- 
alysis of our results using the strict criteria, the confidence 
intervals for the results increased but the results were still 
significant. 

Our results also suggest that the quantitative criteria used 
to characterize small hepatic lesions should be different from 
those used for larger lesions. When an SIR cutoff value of 3.5 
was used, 53.8% of hemangiomas and 100% of metastases 
in the <1 cm size group, 68.4% of hemangiomas and 87.5% 
of metastases in the >1-—s2 cm size group, and 78.9% of 
hemangiomas and 84.6% of metastases in the >2-<5 cm 
size group would be diagnosed correctly (Fig. 3). However, in 
our study population, lower cutoff values may be more appro- 
priate for lesions smaller than 2 cm. Thus for lesions <1 cm, 
by lowering the SIR cutoff value from 3.5 to 2.5, the true- 
positive fraction for hemangiomas increases from 53.8% to 
84.6%, whereas the true-positive fraction for metastases 
decreases only slightly from 100% to 91.7% (Fig. 3). 
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Fig. 3.—A-C, True-positive fraction (TPF) curves for hemangioma (0) 
and metastasis {m}, generated by assuming that data were distributed 
normally (A, <1 cm; B, >1-<2 cm; C, >2-=<5 cm). Note that to achieve a 
given level of sensitivity and specificity, different size-specific cutoff 
values would be appropriate. 


The overlap in SIR of hemangioma and metastasis (Fig. 1A) 
may be due to several factors. One is the partial volume effect 
mentioned earlier. Some small hemangiomas will suffer the 
effect of volume averaging because of their location off-center 
in the slice profile and thus will appear to have decreased SIR 
values. Conversely, some metastases may have little or no 
effect of volume averaging because they are in the center of 
the slice profile, and the SIR values will not decrease. The 
volume averaging effect could be overcome by using a smaller 
slice thickness and by reducing the interslice gap. However, 
this would affect the signal-to-noise ratio adversely, which 
‘would lower anatomic resolution and might reduce conspic- 
uity of lesions [12]. Second, iron deposition in liver may occur 
after blood transfusion in cancer patients with anemia. 
This will increase SIR values by decreasing the signal intensity 
of liver. Another reason for the SIR overlap might be the 
variation of histologic type of metastasis. Metastases from 
islet cell carcinoma, soft-tissue sarcoma, pheochromocytoma, 
and carcinoid often show high lesion/liver SIR values on T2- 
weighted images and thus often resemble hemangiomas [8]. 
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Fig. 4.—MR images of metastasis smaller than 1 cm (top) and heman- 
gioma (bottom). T1-weighted SE image, 275/14 (left), T2-weighted SE 
image, 2350/180 (right). Signal-intensity ratio (SIR) of this metastasis on 
SE 2350/180 image was 2.4, and SIR for this hemangioma was 3.1. Thus, 
according to Fig. 3A, at an SIR cutoff value of 2.5, the sensitivity of 
diagnosing hemangioma would be 85% and the specificity, 92%. Note 
signal intensity of metastases (Fig. 3A, right) is less than that of common 
bile duct located anterior to portal vein. 





Fig. 6.—Importance of image display settings. T2-weighted SE MR 
images, 2350/180, of cavernous hemangioma. Subjective hyperintensity 
of hemangioma can be altered by varying the window settings (top, wide 
window; bottom, narrow window). This highlights need for establishment 
of quantitative criteria for tissue differentiation. 


Fig. 5.—MR images of metastasis larger than 2 cm (top) and heman- 
gioma (bottom). T1-weighted SE image, 275/14 (left), T2-weighted SE 
image, 2350/180 (right). Signal-intensity ratio (SIR) of this metastasis on 
SE 2350/180 image was 2.1, and SIR for this hemangioma was 6.7. For 
tissue characterization of large hepatic tumors, SIR of 3.5 is an appropriate 
cutoff value. Thus, according to Fig. 3C, at an SIR cutoff value of 2.5, the 
sensitivity of diagnosing hemangioma would be 85% and the specificity, 
85%. 


Because of the high prevalence of benign liver tumors in 
the general population [1] and the need to detect liver cancer 
early, differentiation of small benign hepatic cavernous he- 
mangioma from small liver metastasis is of great clinical 
importance. Our study does not address the issue of lesion 
detection, but attempts to refine criteria used to classify liver 
lesions that have been identified on MR images. Although our 
results show that quantitative criteria are useful for tissue 
characterization, measurement of signal intensity of small 
lesions is often difficult. In this study, we carefully measured 
signal intensities of the whole lesion and would recommend 
this approach because in small lesions, central necrosis is 
infrequent. Finally, it should be noted that the criteria as 
reported here are unique to our MR system, and others will 
have to develop their own machine’s manufacturer-specific 
criteria for differentiating hemangioma from metastasis. 
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Gallstone Dissolution in Methyl 
tert-Butyl Ether After Mechanical 
Fragmentation: In Vitro Study 


Twenty sets of three gallstones matched for weight and appearance were selected 
from 20 surgically resected human gallbladders to test the effect of intracorporeal 
mechanical fragmentation on gallstone dissolution with methyl fert-butyl ether in vitro. 
One stone from each set was fragmented by a mechanical lithotriptor and then treated 
with methyl tert-butyl ether, and one was used as control and was treated intact. The 
third stone was analyzed for its density pattern on CT and biochemically for its 
cholesterol and caicium content. On the basis of CT appearance, the stones were 
classified as noncalcified, partially calcified, or heavily calcified. Mechanical fragmen- 
tation reduced dissolution time by 25-69% (mean + SD, 44 + 16%) for the noncalcified 
stones and by 20-42% (mean + SD, 30 + 8%) for the partially calcified stones. No 
significant reduction was observed for the heavily calcified stones. The degree of 
reduction was inversely related to maximal stone density (r = —.72) and was independent 
of its pattern of calcification. 

This study shows that mechanical fragmentation is effective in accelerating gallstone 
chemolysis by methyl tert-butyl ether for noncalcified and partially calcified but not for 
heavily calcified stones. 
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Interventional, nonsurgical techniques of treating gallbladder stones have seen 
rapid development in recent years. The discovery of methyl tert-butyl ether (MTBE) 
as a potent dissolution agent for gallstones has led rapidly to its successful 
application in vivo [1-3]. However, it has many limitations. MTBE is not effective 
in dissolving gallstones with low cholesterol content or those containing significant 
amounts of calcium, and prolonged administration is necessary for larger stones. 
This led Faulkner and Kozarek [4] to explore the possibility of combining prior 
fragmentation of the stones, by using a tunable dye laser, with subsequent 
administration of MTBE; they showed the effectiveness of this combination in 
accelerating gallstone dissolution in vitro. The tunable dye laser, however, currently 
is limited in its availability. At our institution, alternative methods of intracorporeal 
gallstone fragmentation exist, including the simple, conventional mechanical litho- 
triptor [5, 6]. This device is relatively inexpensive and can be acquired readily by 
most institutions. Therefore, we undertook an initial in vitro experiment to study 
the effectiveness of mechanical lithotripsy in accelerating gallstone dissolution. 


Materials and Methods 


Twenty sets of three gallstones matched for size, weight, and shape were obtained from 
20 surgically resected human gallbladders. The calculi were air-dried, weighed, and then 
preserved in saline. Examples of four of these sets are shown in Figure 1. For each set of 
three stones, one was subjected to mechanical lithotripsy and then treated with MTBE, one 
was used as the contro! and was treated with MTBE without prior fragmentation, and one 
was Subjected to CT scanning and biochemical analysis. 
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The third stone from each set was immersed in a beaker filled with 
saline. With a GE 9800 scanner, a 1.5-mm-thick scan through the 
stone's maximal diameter was obtained at 120 kV and 100 mA. 
Density measurements in Hounsfield units were taken from the core 
and capsular regions of the stone. On the basis of overall appearance 
and the measurements of maximal density, the stones were classified 
into noncalcified, partially calcified, and heavily calcified groups. The 
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Fig. 1.—Photograph of four sets of gallstones 
shows similarities in size and shape between 
three stones of each set. Scale increments are 
in millimeters. 


Fig. 2.—CT scan (level at 75 H, window of 250 
H) through center of analyzed stone. Stones 1- 
10 are noncalcified, 11-15 are partially calcified, 
and 16-20 are heavily calcified. 


ranges of maximal density were less than 100 H, 101-250 H, and 
greater than 250 H, respectively. Scans of the 20 stones are shown 
in Figure 2. 

A bench-model mechanical lithotriptor (Homack, Toronto, Ontario, 
Canada) [5] and Dormia baskets were used (Fig. 3). The procedure 
entailed placing the stone within the basket, which is composed of 
sharp cutting wires (Fig. 4); immersing the basket in a container of 


AJR:155, July 1990 


Fig. 3.—Mechanical lithotriptor set with Dor- 
mia basket [5]. 


Fig. 4.—Gallstone trapped within basket, 
ready for fragmentation. Scale increments are in 
millimeters. 


saline; and pulling back on the core wire of the coaxial system, which 
generates a steady increase in tension on the basket wires and thus 
fragments the stone. Only one attempt was made to crush the stone, 
and no endpoint regarding fragment size was established. An exam- 
ple of an intact stone and its fragmented counterpart is shown in 
Figure 5. 

The intact stones and their fragmented counterparts from each set 
of gallstones were placed in separate glass containers to which 10- 
ml aliquots of MTBE were added; the MTBE was aspirated and 
replaced every hour. This procedure was continued for 6 hr and if 
necessary repeated in another 6-hr session the next day. Dissolution 
was deemed adequate when the maximal diameter of the stone or 
fragments reached 2 mm or less. The time required for dissolution 
was recorded. Stones that were undissolved after two 6-hr sessions 
were air-dried and weighed and their degree of dissolution expressed 
as a percentage of starting dry weight. 

One stone from each set was analyzed biochemically for choles- 
terol and calcium content. Separate analyses were carried out for the 
core and peripheral regions of the stone, with samples taken from 
the representative areas. Petroleum ether (30-60°C fraction, Cale- 
don) was added to the weighed samples, and the mixture was stirred 
with a glass rod to extract cholesterol. The petroleum ether was 
evaporated in a dry bath at 80°C, and the residue was dissolved in 
a few milliliters of sodium deoxycholate reagent (12 g sodium deox- 
ycholate [Sigma] and 0.80 g potassium hydroxide [BDH] in 100 ml 
deionized water) with the help of sonication. The solution was made 
up to 10 ml volumetrically with deionized water. For calcium analysis, 
the stone sample was digested with aqua regia (2:1 concentrated 
nitric acid:concentrated hydrochloric acid) until the solution became 
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clear. The digest was made up to a final volume of 100 mI with de- 
ionized water. 

All analyses were carried out on a Hitachi 737 analyzer. Cholesterol 
was measured by an enzymatic method (Boehringer-Mannheim Can- 
ada, Cat. No. 791 440) and calcium by using a dye-binding procedure 
(cresolphthalein complexone, pH 11.6) as described by Kuffer and 
Degiampietro [7]. 


Results 


All data are shown in Tables 1-3. There were 10 noncalci- 
fied, five partially calcified, and five heavily calcified sets of 
stones. The difference in weight between the fragmented and 
control stones from each set was negligible (Table 1). Never- 
theless, the larger of the two stones was always the one 
selected to be crushed in order to avoid bias of size toward 
the control. 

The mechanical lithotriptor effectively crushed all the 
stones. With stone 20, however, one of the basket wires was 
broken in the process. The degree of fragmentation was 
variable: Some stones were cut into as few as four pieces, 
whereas others were crushed into innumerable fragments. 
Fragmentation accelerated dissolution time by an average of 
44% for the noncalcified stones (range, 25-69%; SD = 16%) 
and by 30% for the partially calcified stones (range, 20-42%; 
SD = 8%). These findings were significantly different from 
zero and from the heavily calcified stones (9 < .05), which 
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Fig. 5.—Example of intact gallstone (right) 
with mechanically fragmented counterpart (left). 
Scale increments are in millimeters. 


TABLE 1: Effect of Fragmentation on Dissolution of Gallstones 














Weight (g) Dissolution Time (min) 
Stone Type/No. 
Crushed Control Crushed Control Reduction (%)* 
Noncalcified 
1 0.183 0.181 142 235 93 (39) 
2 0.202 0.192 66 203 137 (68) 
3 0.270 0.231 156 208 52 (25) 
4 0.390 0.387 196 415 219 (53) 
5 0.531 0.522 194 275 81 (29) 
6 0.560 0.545 142 460 318 (69) 
7 0.615 0.606 113 245 132 (54) 
8 0.726 0.717 173 258 85 (33) 
9 1.509 1.372 200 341 141 (41) 
10 2.853 2.620 257 368 111 (30) 
Partially calcified 
11 0.197 0.171 169 211 42 (20) 
12 0.429 0.422 153 226 73 (32) 
13 0.559 0.501 276 472 196 (42) 
14 0.927 0.883 253 344 91 (26) 
15 2.409 1.821 250 362 112 (31) 
Heavily calcified 
16° 0.149 0.147 720 720 0 
17 0.258 0.248 124 144 20 (14) 
18° 0.273 0.273 720 720 0 
19 1.082 0.778 223 210 —13 (-6) 
20° 1.084 0.830 720 720 0 


aa ann 
ê Reduction = control time — crushed time; % reduction = (reduction time + control time) x 100. 
? Dissolution had not occurred by 12 hr (720 min) (maximal time observed). 


had a mean reduction in time of only 1.6% (range, —6 to 14%; 
SD = 0.2%). Note that for heavily calcified stones 16, 18, and 
20, neither the crushed nor the intact stones were dissolved 
by the maximum of 12 hr. Comparisons using their percent 
reduction in weight (Table 3) showed little difference between 
the crushed and the intact stones. If all 20 sets of stones 
were analyzed as one group, there was a significant inverse 
correlation between both absolute and percent reduction in 
dissolution time and maximal CT density (r = —.64 and —.72, 
respectively; p < .005). No significant correlation was ob- 


served between the reduction in dissolution time and the size 
of the stone (Table 1). CT density of the rims correlated best 
with calcium content of the rims (r = .84, p < .001), and 
density of the cores correlated best with the cholesterol 
content of the cores (r = —.84, p < .001). 


Discussion 


Nonsurgical treatment of gallstones is evolving. For many 
years, oral chemolitholytic agents have been available, but 


AJR:155, July 1990 


TABLE 2: Gallstone Characteristics 
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. Calcium 
; Cholesterol 
CT Density (H REN % b 
Stone Type/No. Weight (9) BY) i% by Weight?) Wars 
Core Rim Core Rim Core Rim 
Noncalcified 
1 0.198 63 48 93.6 55.2 3.5 19 
2 0.144 -18 25 89.1 95.7 0.8 0.5 
3 0.347 © ‘69 75 73.8 92.4 3.8 4.1 
4 0.365 —166 57 76.0 73.0 0.5 1.4 
5 0.576 —113 —3 82.9 71.6 0.9 0.4 
6 0.414 —20 55 80.4 60.0 0.9 1.1 
7 0.580 —203 84 96.4 80.9 t.1. 1.0 
8 0.645 —229 1 99.0 99.7 414 0.8 
9 1.722 —104 86 75.8 76.6 1.9 2.0 
10 1.875 -2 82 100.0 81.1 0.6 0.7 
Partially calcified “es 
11 0.227 182 109 72.6 94.2 8.3 3.2 
12 0.562 225 37 37.0 4.8 8.7 1.0 
13 0.486 176 1 65.1 62.8 47.1 0.7 
14 0.862 150 102 79.9 21.8 3.1 0.9 
15 0.791 112 47 62.2 73.8 1.6 0.6 
Heavily calcified : 
16 0.175 701 37 6.5 16.6 13.9 0.7 
17 0.236 252 17 , 247 39.8 2.5 1.1 
18 0.234 —68 459 87.7 30.0 1.0 7.9 
19 <- 1.585 35 258 75.9 45.0 0.8 2.1 
20 \ 1.394 346 158 3.0 13.3 8.4 3.2 
Note.—Correlation coefficient for core density vs core cholesterol: r = —.84, p < .001; for rim density vs rim 


calcium: r = .84, p < .001. 
a Percent by weight of analyzed stone. 


TABLE 3: Reduction in Weight of Incompietely Dissolved 
Stones 











Weight (g) 
Stone No./Condition 
Initial Final Reduction (%) 

16 

Crushed 0.149 0.010 0.139 (93) 

Control 0.147 0.013 0.134 (91) 
18 

Crushed 0.273 0.116 0.157 (68) 

Control 0.273 0.167 0.106 (39) 
20 

Crushed 1.084 0.933 0.151 (14) 

Control 0.830 0.745 0.085 (10) 





the advent of MTBE as a rapid dissolution agent of gallstones 
has sparked intense renewed interest in chemolitholysis [1- 
3]. However, limitations exist. Access to’the gallbladder must 
be established percutaneously via a catheter and the ether 
infused either continuously or sequentially in steps. In prac- 
tice, the time it takes to dissolve the stones clinically often 
reaches 8 hr or more [8, 9], partially defeating the goal of a 
simple, rapid, outpatient procedure to treat gallstones. It is 
also weil known that MTBE is relatively ineffective in dissolv- 
ing calcified stones or those with low cholesterol content, 
though currently the issue of calcification and eligibility for 
MTBE treatment remains controversial. 

As yet another approach to gallstone treatment, several 
fragmentation techniques have been developed in the past 


several years. Among these, extracorporeal shock wave lith- 
otripsy (ESWL) has received the most attention. it is nonin- 
vasive, is effective in shattering stones to small fragments, 
and works regardless of the chemical composition of the 
stones [10-12]. However, itis expensive, and in most current 
clinical trials, it is combined with oral bile acid therapy in order 
to be clinically effective, which commits the patient to at least 
several months of oral medications and the accompanying 
‘side effects [10, 13]. The use of MTBE in place of oral agents 
after ESWL has been proposed [14], but the necessity of 
cholecystostomy catheter placement would negate the key 
advantage. of ESWL as a noninvasive procedure. As the 
gallbladder must be catheterized anyway, why not use an 
intracorporeal fragmentation technique? This question was 
addressed by Faulkner and Kozarek [4], who showed the 
effectiveness of a tunable dye laser in accelerating gallstone 
dissolution by MTBE: However, the laser itself is also expen- 
sive, and currently it is not widely available. 

We have shown that mechanical lithotripsy, by means of a 
simple stone-crusher set, is also effective in accelerating 
gallstone dissolution. Technically, it is similar to the laser in 
that both entail entrapment of the stone in a basket. Once a 
stone is trapped by the basket, it takes only a few more 
seconds to crush it with the mechanical lithotriptor. The latter 
is a conventional tool that is easily attainable by most inter- 
ventional radiology departments, poses little additional risk to 
the patient, and is effective in fragmenting almost all except 
the most heavily calcified stones [5, 6]. 

Analysis of our data also highlights some stone character- 
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istics that affect the success of mechanical fragmentation 
followed by MTBE dissolution. It is clear that heavily calcified 
stones should be avoided; even if the basket is strong enough 
to break these stones, the fragments cannot be dissolved 
any quicker in MTBE. Partially calcified stones, however, do 
offer a chance, probably because the mineralized matrix is 
not as tight as in the heavily calcified stones. Interestingly, 
the pattern of calcification, whether peripheral or central, does 
not appear to play a significant role in determining dissolution 
characteristics. Intuitively, a relatively greater reduction in 
dissolution time might be expected for the peripherally calci- 
fied stones after the “shell” has been opened by lithotripsy, 
but in fact, it is the degree of maximal mineralization, inde- 
pendent of its location within the gallstone, that appears to 
determine the outcome. In other words, for stones with either 
rim, nidus, or homogeneous calcification, no matter which 
pattern, the limiting factor for dissolution, with or without 
fragmentation, appears to be the degree of calcification of the 
densest part of the stone. 

As in any in vitro experiment, some pitfalls must be consid- 
ered. Air drying the gallstones for weight determination and 
storing them in saline may have unknown effects on the 
gallstones, perhaps affecting their susceptibility to fragmen- 
tation and/or chemolysis; these variables were controlled for, 
as all the gallstones had the same treatment. For the frag- 
mentation process, placing the stone in an optimal fashion 
within the lithotriptor basket under direct vision is an oversim- 
plification of the actual in vivo procedure, in which the basket 
grip of the stone may be less than optimal, and this may 
misrepresent the success of fragmentation. 

The degree of fragmentation of the gallstones was quite 
variable, as might be expected inasmuch as no endpoint was 
established in our protocol. This was set up intentionally to 
simulate real life, in which we believe that only one attempt 
at crushing the stone may be made. The basket deforms after 
each attempt, and further attempts would be technically dif- 
ficult. It would be impractical to use multiple baskets, and 
prolonging the procedure would defeat the original intent of 
this combination technique. No attempt, therefore, was made 
to analyze statistically in detail how the degree of fragmen- 
tation affected dissolution time, as we could not control this 
factor anyway. Rather, we were interested in what the overall 
or average effect of fragmentation would be on accelerating 
chemolysis with MTBE for a representative group of 
gallstones. 

As for our classification of the stones into the noncalcified, 
partially calcified, and heavily calcified groups, this scheme 
was arbitrary. Other CT density numbers could be used to 
separate the three groups, and whether a stone that has a 
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very dense area that occupies only a small part of the stone 
should be called heavily calcified is a matter of definition. The 
observation remains that the success of fragmentation in 
accelerating dissolution appears to depend on the degree of 
the stone’s maximal mineralization, and the aforementioned 
heavily calcified stone would respond poorly to dissolution 
despite prior fragmentation—no matter how it was classified. 
In conclusion, fragmentation by mechanical lithotripsy is 
effective in accelerating gallstone chemolysis by MTBE in 
vitro for noncalcified and partially calcified stones, but not for 
heavily calcified stones. Further in vivo and clinical studies are 
warranted to study this combination therapy as an alternative 
approach in the nonsurgical treatment of gallstones. 


ACKNOWLEDGMENTS 


We thank J. F. Murray for providing the gallstones, Tim Savage 
and Jacinta Shawanda for laboratory assistance, and Eddy Coretti 
for preparing the manuscript. 


REFERENCES 


1. Allen MJ, Borody TJ, Bugliosi TF, et al. Cholelitholysis using methyl tertiary 
butyl ether. Gastroenterology 1985;88: 122-125 
2. Allen MJ, Borody TJ, Thistle JL. In vitro dissolution of cholesterol gall- 
stones: a study of factors influencing rate and a comparison of solvents. 
Gastroenterology 1985;89: 1097-1103 
3. Allen MJ, Borody TJ, Bugliosi TF, et al. Rapid dissolution of gallstones by 
methyl tert-butyl ether. N Engi J Med 1985;312:217-221 
4. Faulkner JD, Kozarek RA. Gallstones: fragmentation with a tunable dye 
laser and dissolution with methyl tert-butyl ether in vitro. Radiology 
1989; 170: 185-189 
5. Ho CS, Yee AC, McLoughlin Mu. Biliary lithotripsy with a mechanical 
lithotripter. Radiology 1987;165:791-793 
6. Schneider MU, Bauer R, Domschke W. Mechanical lithotripsy of bile duct 
stones in 209 patients: effect of technical advances. Endoscopy 
1988;20:248-253 
7. Kuffer H, Degiampietro P. Automated determination of calcium by a new 
photometric method (abstract). Clin Chem 1975;21:961 
8. Thistle JL, May GR, Bender CE, et al. Dissolution of cholesterol gallbladder 
stones by methyl tert-butyl ether administered by percutaneous transhe- 
patic catheter. N Eng! J Med 1989;320:633-639 
9. VanSonnenberg E, Casola G, Zakko SF, et al. Gallbladder and bile duct 
stones: percutaneous therapy with primary MTBE dissolution and me- 
chanical methods. Radiology 1988;169:505-509 
10. Ferrucci JT. Gallstone ESWL: the first 175 patients. AJR 1988;150: 
1231-1233 
11. Schachler R, Sauerbruch T, Wosiewtz U, Holl J. Fragmentation of gall- 
stones using extracorporeal shock waves: an in vitro study. Hepatology 
1988;8:925-929 
12. Ferrucci JT. Gallstone lithotripsy: a preview. Radiology 1988;168:333-336 
13. Stahligren LH. Biliary lithotripsy. Am J Surg 1988;156:5-8 
14. Thistle JL. Direct contact dissolution of gallstones. Semin Liver Dis 
1987;7:311-315 





Robert T. Tyrrel’ 
Karen A. Montemayor? 
Michael E. Bernardino’ 


Received January 2, 1990; accepted after revi- 
sion February 27, 1990. 


‘Department of Radiology, Emory University 
School of Medicine, 1364 Clifton Rd., N.E., Atlanta, 
GA 30322. Address reprint requests to R. T. Tyrrel. 


2 Kaiser-Permanente, Southeast Permanente 
Group, Inc., 3065 Hargrove Rd., Ste. 110, Atlanta, 
GA 30339. 


0361~-803X/90/1551-0073 
© American Roentgen Ray Society 


73 


CT Density of Mesenteric, 
Retroperitoneal, and 
Subcutaneous Fat in Cirrhotic 
Patients: Comparison with Control 
Subjects 


We determined the density in Hounsfield units of the mesenteric, retroperitoneal, and 
subcutaneous fat on CT scans made in 41 patients with biopsy-proved cirrhosis and 
compared the results with the density of the fat in these locations in 34 control subjects, 
in an attempt to quantify changes in fat density in patients with cirrhosis. The mean 
densities of mesenteric, retroperitoneal, and subcutaneous fat in patients with cirrhosis 
were —56, —107, and —111H, respectively. The corresponding mean densities in control 
subjects were —107, —118, and —124 H. The mean density of mesenteric fat in patients’ 
with cirrhosis was 50% greater than that of their subcutaneous fat (p < .0001), 48% 
greater than that of their retroperitoneal fat {p < .0001), and 48% greater than that of 
the mesenteric fat in control subjects (p < .0001). The mean density of subcutaneous 
fat in the anterior abdominal wall in patients with cirrhosis was ~96 H compared with 
—119 H for that in their posterior abdominal wall. The corresponding mean densities in 
control subjects were -109 and —131 H. Density of subcutaneous fat in the anterior 
abdominal wall for all subjects (patients and controls) was 18% greater than that of 
subcutaneous fat in the posterior abdominal wall (p < .05). In all locations, the statistical 
trend was for patients with cirrhosis to have higher density fat than did control subjects. 

These changes in density are thought to represent diffuse fat edema, most promi- 
nently in the mesentery because of portal hypertension. 
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Anecdotal reference has been made to the abnormal CT appearance of mesen- 
teric fat in patients who have cirrhosis of the liver [1-3]. No study has quantified 
these changes in Hounsfield units and compared them with findings in control 
subjects. We measured the densities of the mesenteric, retroperitoneal, and 
subcutaneous fat in patients with cirrhosis and in control subjects. We calculated 
the mean fat densities in these locations and compared the results both within the 
cirrhotic group and between patients with cirrhosis and control subjects. 


Materials and Methods 


Abdominal CT scans of 41 consecutive patients with biopsy-proved cirrhosis of the liver 
were compared retrospectively with the scans of 34 patients without cirrhosis who had scans 
(which were interpreted as normal) obtained for a variety of reasons. The cirrhosis was due 
to alcohol consumption in eight (20%) of the 41 patients and to a variety of other causes in 
the remainder. Ten (24%) of the patients with cirrhosis had ascites. Twenty-three of the 
patients with cirrhosis were men and 18 were women. Their age range was 25-76 years 
(mean, 55). Of the 34 patients without cirrhosis, 12 were men and 22 were women. Their 
age range was 33-70 years (mean, 52). 

A Philips LX CT scanner, contiguous slices 10-mm thick, incremental imaging, and a 1.9- 
sec scanning time were used in all cases. Examinations were performed after administration 
of both IV and oral contrast material. Conray-60 (iothalamate meglumine, 282 gm I/mi) was 
used in 72 of the patients. isovue 300 (lopamidol, 300 mg I/ml) was used in three patients, 
two without and one with cirrhosis. Contrast material was injected into an antecubital vein by 
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means of a power injector at a rate of 3 ml/sec for 50 sec, for a total 
of 150 ml. Delay time between injection and imaging was 25 sec. 
Images made at the end of the second and third and the third and 
fourth lumbar vertebrae were selected for analysis. Nine different 
measurements of the density of mesenteric, retroperitoneal, and 
subcutaneous fat were obtained at each level, for a total of 54 
measurements in each patient (Figs. 1 and 2). Two patients without 
fat in any of the three areas were excluded from the study. The 
density of subcutaneous fat was measured in two locations: the 
midline of the anterior abdominal wall and the posterior abdominal 
wall behind the kidneys. 

Mean density, standard deviation, and standard error of the mean 
were calculated for the subcutaneous, retroperitoneal, and mesen- 
teric fat of each patient. The percentage of change in the mean 
density of mesenteric fat normalized with each patient's mean density 
of retroperitoneal fat was calculated by subtracting the mean density 
of mesenteric fat from the mean density of retroperitoneal fat, dividing 
by the mean density of retroperitoneal fat, and multiplying by 100. 
Similarly, the percentage of change in the mean density of mesenteric 
fat normalized with each patient's mean density of subcutaneous fat, 
and the percentage of change in the mean density of retoperitoneal 
fat normalized with each patient's mean density of subcutaneous fat 
were calculated. Lastly, the percentage of change in the mean density 
of anterior subcutaneous fat, normalized with each patient's mean 
density of posterior subcutaneous fat, was obtained. Calculations for 
each patient were averaged according to whether the patient had 
cirrhosis or not and both with and without regard to sex. The 
statistical significance of these data was evaluated by using the 
Student's t test and repeated measures analysis of variance. 


Results 


Mean density of fat as a function of location in patients with 
and without cirrhosis is shown in Figure 3. In the patients with 
cirrhosis, the mean density of the mesenteric fat was 50% 
greater than that of subcutaneous fat (p < .0001) and 48% 
greater than that of retroperitoneal fat (p < .0001). The mean 
density of the mesenteric fat of the patients with cirrhosis 
was 48% greater than that of the mesenteric fat of the control 
subjects (p < .0001). The mean densities of fat in all locations 
tended to be greater in the patients with cirrhosis than in the 
control subjects, but the difference was statistically significant 
for mesenteric fat only (p < .0001). In both patients with 
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Fig. 1.—CT scan of control subject shows that 
mesenteric, retroperitoneal, and subcutaneous 
fat have same density. 


Fig. 2.—CT scan of patient with cirrhosis 
shows increased density of mesenteric fat (ar- 
row) compared with retroperitoneal and subcu- 
taneous fat. 


cirrhosis and control subjects, subcutaneous fat was least 
dense, retroperitoneal fat was more dense than subcutaneous 
fat, and mesenteric fat was the most dense. Although this 
trend was consistent, it was not statistically significant (except 
in the mesenteric fat of the patients who had cirrhosis). 

No statistically significant differences in the mean density 
of fat in any location were found on the basis of sex regardless 
of the presence or absence of cirrhosis. 

In patients with cirrhosis, the mean density of the subcu- 
taneous fat of the anterior abdominal wall was —96 H; in the 
posterior abdominal wall, it was —119 H. The mean density 
of the anteriorly located subcutaneous fat was 19% greater 
than that of posterior subcutaneous fat (p < .05). In control 
subjects, the mean densities of the subcutaneous fat of the 
anterior and posterior abdominal walls were —109 and —131 
H, respectively. The mean density of the subcutaneous fat of 
the anterior abdominal wall in this group was 17% greater 
than that of posterior subcutaneous fat (p < .05). In all 
patients (with and without cirrhosis), the increase in the mean 
density of subcutaneous fat of the anterior abdominal wall 
compared with that of subcutaneous fat in the posterior 
abdominal wall was 18% (p < .05). 


Discussion 


CT evidence of diffuse mesenteric edema includes an in- 
crease in the density of mesenteric fat, poor definition of 
segmental mesenteric vessels, and relative sparing of retro- 
peritoneal fat associated with subcutaneous edema [2, 4]. 
Our findings show a statistically significant increase in the 
mean CT density of mesenteric fat in patients with cirrhosis 
compared with control subjects and compared with the pa- 
tients’ own retroperitoneal or subcutaneous fat. Patients who 
had cirrhosis did not show a statistically significant increase 
in the density of subcutaneous fat as would be expected with 
significant subcutaneous edema [2]. However, in all locations, 
the density of fat tended to be higher in patients who had 
cirrhosis, a finding consistent with minimal diffuse edema. 

The mean densities of fat in all subjects (patients and 
controls) followed a pattern of subcutaneous less than retro- 





AJR:155, July 1990 






Cirrhotic patients 


Mean Fat Density in 
Hounsfield Units 
8 


Normals 





Mesenteric Retroperitoneal Subcutaneous 


Location 


Fig. 3.~-Graph shows mean fat density as a function of location in 
patients with cirrhosis and in control subjects. 


peritoneal and retroperitoneal less than mesenteric. These 
changes were not statistically significant (except mesenteric 
fat in patients with cirrhosis, but they may reflect the per- 
centage of higher density structures that, in part, may be 
volume averaged in the density measurements obtained at 
each location. Volume averaging in the mesentery may easily 
include structures such as mesenteric vessels, lymphatics, 
nerves, and lymph nodes [5]. 

A statistically significant finding was the 18% increase in 
the mean density of anteriorly located subcutaneous fat com- 
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pared with posterior fat, regardiess of cirrhosis (p < .05). This 
finding currently is unexplained. Further investigation is 
needed to elucidate the cause. . 

In summary, our study found a visually evident, statistically 
significant increase in the density of mesenteric fat in patients 
with cirrhosis. This change is thought to be caused by diffuse 
mesenteric edema due to portal hypertension. Specific he- 
patic morphologic changes associated with increased density 


‘of mesenteric fat should increase confidence in the diagnosis 


of cirrhosis based on CT findings and prevent errors of 
interpretation [1, 6, 7]. 
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Case Report 





Extrapulmonary Pneumocystis carinii in a Patient with 


AIDS: Sonographic Findings 


Alison R. Spouge,' Stephanie R. Wilson,’ Nanda Gopinath,? Morris Sherman,’ and Laurence M. Blendis* 


Extrapulmonary involvement by Pneumocystis carinii in 
patients with AIDS is relatively rare [1, 2]. This report de- 
scribes the sonographic appearance in two AIDS patients 
receiving aerosol pentamidine prophylaxis who had multior- 
gan involvement by Pneumocystis carinii without clinical man- 
ifestations of pulmonary disease. Sonograms showed an 
unusual appearance of innumerable tiny, highly reflective foci 
in the liver, spleen, kidneys, pancreas, and mesenteric lymph 
nodes. 


Case Report 


A 37-year-old man with AIDS had fever; a 14-kg weight loss; an 
enlarged, painful thyroid gland; and an abdominal mass. Kaposi 
sarcoma had been diagnosed 1 year earlier. There was no history of 
Pneumocystis pneumonia. The patient had received aerosol pentam- 
idine prophylaxis over the preceding 5 months. Thyroid function tests 
showed decreased Tz and T, levels; liver enzymes were mildly 
elevated. An abdominal sonogram showed innumerable tiny, bright, 
highly reflective nonshadowing foci scattered diffusely throughout the 
liver (Fig. 1A); both kidneys; the pancreas; and, to a lesser extent, in 
a mesenteric mass. The spleen was enlarged and showed similar 
bright echogenic foci in addition to several hypoechoic masses with 
cystic components (Fig. 1B). Sonograms of the thyroid showed 
marked enlargement with multiple tiny bright echogenic foci (Fig: 1C). 
CT showed a few hypodense masses in the spleen, but the diffuse 
parenchymal abnormalities evident on the sonogram were not present 
and no calcification was seen. The sonographic abnormalities were 
very striking and unusual; as the findings were unexplained, a core 
liver biopsy was recommended and subsequently performed. The 


resultant diagnosis was Pneumocystis carinii infection. Open biopsy 
of the thyroid was performed, which showed Pneumocystis thyroiditis. 
Calcium was not present in the biopsy tissue; no other pathogens 
(including Mycobacterium tuberculosis) were isolated, and no malig- 
nant cells were seen. The patient was placed on systemic therapy 
for Pneumocystis infection; a follow-up sonogram several weeks later 
showed a marked decrease in the size of the thyroid and a small 
decrease in the size of the spleen. The background of multiple 
echogenic foci persisted on the follow-up examination; however, 
confluent echogenic clumps with shadowing were now evident in the 
kidneys (Fig. 1D), and the spleen showed echogenic rims around the 
previously shown hypoechoic masses. 

Subsequently, we saw a second patient with AIDS who was 
receiving intermittent aerosol pentamidine and had no symptoms of 
pulmonary infection. Sonographic findings were similar, but much 
more florid than those in the first patient. Multiple abdominal organs 
showed diffuse bright echoes (Fig. 2A) and confluent echogenic 
clumps associated with acoustic shadowing. These areas were of 
high density, consistent with calcification on the CT scan (Fig. 2B). 
The abdominal sonogram prompted the diagnosis of disseminated 
Pneumocystis infection, as the findings were markedly similar to the 
first case. The patient's condition rapidly deteriorated, and the ob- 
servations on sonography and CT were confirmed at autopsy. 


Discussion 


Extrapulmonary Pneumocystis infection is uncommon in 
AIDS patients [1, 2] and has not been considered in the 
differential diagnosis of diffuse sonographic parenchymal ab- 
normalities in the thyroid, liver, spleen, or kidneys in the 
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Fig. 1.—Pneumocystis carinii infec- 
tion in AIDS patient receiving prophy- 
lactic aerosol pentamidine. 

A, Sagittal sonogram shows innu- 
merable echogenic foci in liver. 

B, Coronal sonogram of spleen 
shows multiple bright parenchymal 
echoes and focal hypoechoic masses 
(arrows). 

C, Transverse sonogram of thyroid 
at level of isthmus shows enlargement 
and tiny bright parenchymal foci. 

D, Transverse sonogram of kidney 
about 2 months after systemic therapy 
for disseminated Pneumocystis shows 
focal echogenic clumps with shadow- 
ing. Echogenic foci are also seen in 
liver. 


Fig. 2.—Advanced extrapulmonary 
Pneumocystis carinii infection in preter- 
minal AIDS patient receiving prophylac- 
tic aerosol pentamidine. 

A, Sagittal sonogram of liver shows 
extensive replacement of normal he- 
patic parenchyma with innumerable 
clumped bright echogenic foci. 

B, Transaxial CT scan shows exten- 
sive cortical nephrocalcinosis with cal- 
cific foci in liver and spleen. Hypodense 
masses with ring calcification are also 
present in spleen. 


EXTRAPULMONARY PNEUMOCYSTIS CARINII IN AIDS 
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imaging literature to date [3-5]. We had not previously en- 
countered the striking sonographic findings of innumerable 
bright parenchymal echoes associated with any other disease. 
Additional reports in the literature suggest a similar appear- 
ance, supported by a photograph of a thyroid sonogram from 
a case of Pneumocystis thyroiditis [1] and the description of 
“increased hepatic echogenicity” in a case report of Pneu- 
mocystis hepatitis [2]. In a recently reported series of patients 
with extrapulmonary Pneumocystis infection [6], abdominal 
sonograms in two patients showed findings similar to ours. 

The clinical status of our patients suggests that the sono- 
graphic demonstration of tiny highly reflective nonshadowing 
foci is a manifestation of relatively early disease. Liver and 
thyroid biopsies in our first patient showed the Pneumocystis 
protozoan with surrounding inflammatory reaction. No cal- 
cium was seen in either the biopsy specimen or on the CT 
scan to account for the sonographic abnormality, suggesting 
that initially the tiny reflective echoes are not related to the 
presence of calcium. Furthermore, CT failed to show the 
diffuse parenchymal abnormality evident on sonography. Con- 
sequently, we believe that sonography is more sensitive than 
CT in detecting extrapulmonary Pneumocystis in the early 
stages. Presumably, the echogenic clumps with acoustic 
shadowing, the calcific rings in the spleen, and the diffuse 
multiorgan parenchymal calcification develop with progres- 
sion of the disease. 

The use of aerosol pentamidine by these two patients with 
disseminated Pneumocystis infection may be important. Pneu- 
mocystis pneumonia affects nearly 80% of AIDS patients and 
is a major cause of morbidity and mortality [7] in this popu- 
lation. Aerosol pentamidine is being used increasingly for 
prophylaxis. Until recently, the drug was available for research 
purposes only; however, in August 1989 the drug was ap- 
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proved for nonresearch purposes (including prophylaxis) in 
the United States. Plasma levels of this drug after aerosol 
delivery are less than 10% of those obtained when it is 
administered intravenously [7], and there is concern that 
although Pneumocystis pneumonia may be prevented by the 
prophylaxis, subclinical pulmonary infections with occult sys- 
temic seeding might occur [2, 8, 9]. Our findings in these 
patients add further support to the idea that aerosol pentam- 
idine may put users of this drug at risk for disseminated 
Pneumocystis pneumonia. As part of a study protocol at our 
institution, AIDS patients receiving aerosol pentamidine are 
now being examined sonographically for disseminated Pneu- 
mocystis carinii. 
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Technical Note 





Percutaneous Gastrojejunostomy with a Modified Cope 


Loop Catheter 


K. E. Gehman,' J. A. Elliott,? and R. |. inculet' 


Various techniques for percutaneous gastrojejunostomies 
have been reported [1-5]. This report describes our method 
of using a modified catheter placed through a long peel-away 
sheath. The peel-away sheath is mounted on a van Andel 
dilator that allows easy single-step track dilatation and place- 
ment of a feeding catheter with a proximal Cope loop for 
retention. 


Materials and Methods 


The medical records of 73 consecutive patients who underwent 
“percutaneous gastrojejunostomy at Victoria Hospital from 1987 to 

1989 were reviewed. The patients included 44 males and 29 females 
3-91 years old (mean age, 58 years). Thirty-seven patients had 
neurologic disorders, primarily due to strokes or trauma. Obstruction 
of the pharynx or esophagus was present in 17 patients, most of 
whom had malignancy. The remainder had a variety of conditions 
causing malnutrition, including multiorgan failure (six patients), multi- 
ple traumatic injuries (five patients), massive burns (three patients), 
cystic fibrosis (two patients), malignancies (two patients), and recur- 
rent aspiration pneumonia (one patient). 

The patient is kept fasting for at least 8 hr before the procedure. 
The left lobe of the liver is marked on the skin with the use of 
sonography. The stomach is drained with a nasogastric tube posi- 
tioned in the fundus and inflated with air by using the bulb from a 
barium enema kit (E-Z-Em Co., Inc., Westbury, NY). Glucagon, 0.2 
mg IV, is given only if the stomach shows excessive peristalsis. 

Our standard technique uses a direct “downstream” approach to 
the pylorus. Standing on the patient’s left side, we choose the 
puncture site by using anterior and lateral fluoroscopy to ensure that 


no bowel is interposed anterior to the stomach. The entry site is 
usually in the mid body of the stomach to the left of the midline and 
below the costal margins and is chosen to avoid the left lobe of the 
liver and the bowel loops. Local anesthetic is administered. 

The necessary equipment for the technique is available in a kit 
(EGJ-100, Cook, Bloomington, IN). An 18-gauge one-part needle is 
inserted through the anterior wail of the stomach and pointing slightly 
toward the pylorus. The guidewire is inserted and coiled in the antrum 
or passed directly into the duodenum. A 5.5-French torque “hockey 
stick” catheter is inserted over the wire, and these are manipulated 
into the proximal jejunum. The catheter is removed, and the tract is 
dilated over the wire by using an 11-French peel-away sheath, which 
has a van Andel-type dilator. The dilator and sheath are 40 cm long 
and usually reach the third part of the duodenum. The dilator is 
removed, and a 10.2-French feeding catheter is placed over the wire 
and through the sheath. The catheter is 70 cm long and reaches the 
proximal jejunum. The sheath is peeled away, and the proximal Cope 
loop on the catheter is formed in the stomach, and the catheter is 
retracted until the Cope loop just reaches the anterior wall of the 
stomach without forcefully apposing the loop to the stomach wall. 
The catheter is then stitched to the skin with a catheter retention disk 
and covered with Hypafix (Smith & Nephew, Lachine, Quebec). 

Tube feedings are begun in 2 hr if the patient is stable and there 
are no signs of peritonitis. The nasogastric tube is usually left in 
overnight to decompress the stomach. The gastrojejunostomy cath- 
eter is flushed every 8 hr with 20 ml of water to help maintain patency. 


Results 


Early in the series, one patient required two attempts at 
percutaneous gastrojejunostomy. On the initial attempt using 
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the downstream approach, the guidewire formed an intraper- 
itoneal loop when the dilator was advanced. The procedure 
was discontinued at this point, but was successfully com- 
pleted without difficulty the next day by using an “upstream” 
approach with a fundal loop. All other procedures were done 
via the downstream approach. 

Complications occurring within 30 days of the procedure 
were analyzed. Minor complications occurred in nine patients 
(12%). These were procedure related in seven patients, in- 
cluding four cases of catheter occlusion and one each of 
minor hematemesis, focal peritonitis, and local wound infec- 
tion. The two non-procedure-related complications were one 
case of congestive heart failure and one of gastrointestinal 
bleeding. All minor complications resolved with conservative 
treatment. No major complications or procedure-related 
deaths occurred. Nine patients (12%) died within 30 days of 
the procedure because of underlying diseases. 

Eight catheters (11%) required replacement, one because 
of inadvertent removal at 43 days after insertion, six because 
of occlusion between 5 and 52 days after insertion, and one 
because of leakage from the Cope loop into the stomach. 
The longest time of tube patency in the series was 270 days 
in a patient who died with the tube still functioning. Twelve 
catheters (16%) were removed because they were no longer 
necessary. This was done between 14 and 80 days (mean, 
46 days) after initial placement. No difficulty or complications 
were encountered with tube replacement orremoval. 


Discussion 


The technique we use is similar to that described by Gray 
et al. [5]. They also use a downstream approach and a 
catheter with a proximal Cope loop with good results, but 
use serial dilators and a long stiffening cannula to introduce 
the catheter instead of a peel-away sheath. We think that the 
sheath has a number of advantages, including single-step 
dilatation because of the van Andel dilator. This reduces 
procedure time and appears to decrease the severity of 
pneumoperitoneum, compared with procedures we did pre- 
viously with serial dilators. The sheath allows easy insertion 
of the nontapered catheter without a long cumbersome stiff- 
ening cannula and without the resistance usually encountered 
in pushing a soft polyurethane catheter through a fresh track. 
Also, invagination of the anterior wall of the stomach, which 
occurs when a sheath or catheter is inserted without gastric 
wall fasteners, is corrected as the sheath is peeled away. 

The catheter described by Gray et al. has multiple side 
holes over the distal 17 cm, which requires that the Cope 
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loop be left in the duodenum to ensure that the side holes are 
beyond the ligament of Treitz. We prefer to form the loop in 
the stomach and retract it to the anterior wall of the stomach 
to prevent the wall from falling back, although the advantage 
of doing so may be only theoretical. Our experience with 
multiple-side-hole catheters in the small bowel is that the 
distal portion of the catheter quickly becomes occluded with 
food and small-bowel secretions. Therefore, we prefer a 
nontapered end-hole catheter, which allows more efficient 
flushing. 

We no longer use the upstream approach with a fundal 
loop as described by Alzate et al. [4]. This approach involves 
more radiation to the operator’s hands and requires more 
time and manipulation than the downstream approach to the 
pylorus. As well, the Carey-Alzate-Coons catheter (Cook) 
requires dilatation to 16-French to accommodate the “mush- 
room” locking device, although the feeding catheter itself is 
only 10.2-French. The Cope loop-type catheters do not re- 
quire significant overdilatation. 

The peel-away sheath we use has a 40-cm dilator and a 
30-cm sheath, which ensures complete passage of the sheath 
through the wall of the stomach on insertion. The guidewire 
we use is a heavy-duty Amplatz with a long tapered distal 
core (THSFNB-38-145-AES, Cook). The stiff staff provides 
good support for insertion of the peel-away sheath, and the 
soft tapered end allows easy manipulation in the bowel. 

It is important not to put traction on the Cope loop to 
appose forcefully the anterior wall of the stomach to the 
anterior wall. Theoretically, this could cause the string in the 
loop to cut the catheter, and the hole might be retracted 
through the stomach wall, causing intraperitoneal spillage of 
feedings. We aim to prevent the stomach wall from falling 
back rather than forcefully holding it up. 

In summary, we conclude that percutaneous gastrojejunos- 
tomy with a modified Cope loop-type catheter placed through 
a van Andel peel-away sheath is easy, safe, and effective. 
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Percutaneous Drainage of Renal 
and Perirenal Abscesses: Results in 
30 Patients 


The purpose of this study was to determine the efficacy of percutaneous drainage of 
renal and perirenal abscesses. Thirty-two abscesses, 10 renal and 22 renal with perirenal 
extension, in 30 patients (16 female, 14 male; age range, 5-83 years), were drained 
percutaneously. Twenty-one patients had had surgery recently and/or were immuno- 
suppressed. Ten of the 13 postoperative patients had had surgical procedures involving 
the urinary tract. Size of the abscesses ranged from 10 to 650 ml, and all were drained 
via CT or fluoroscopic guidance. The type of drainage catheter used depended on the 
size of the abscess. Complications were unusual. A transient febrile episode without 
sequelae within the first 12 hr of catheter placement was the most common complication. 
All patients had their abscess catheter placed while in the hospital; 12 (40%) subse- 
quently were followed up (2-50 days) as outpatients until their catheters were removed 
without complications. Percutaneous drainage alone was curative in 20 patients (67%) 
as determined by resolution of signs and symptoms or follow-up CT. Eight (27%) had 
improvement of signs and symptoms but required surgery to remove tumor (one patient) 
or a poorly functioning or nonfunctioning kidney (five patients), perform open pyeloli- 
thotomy (one patient), or drain a loculated abscess (one patient); all eventually were 
cured. Three patients (10%) with multiple medical problems died before resolution could 
be documented, although death was not thought to be directly related to failure of 
therapy. 

Our results indicate that percutaneous drainage alone is curative in the majority of 
cases of renal and perirenal abscesses. Many patients can be treated safely, in part, on 
an outpatient basis. 


AJR 155:81-83, July 1990 


Percutaneous drainage of renal and perirenal abscesses is a new but established 
treatment technique [1-8]. It is an available option that lies between the spectrum 
of medical management and surgical drainage; reported cure rates vary widely 
from 61% to 93% [1, 2]. 

Cross-sectional imaging and the accessibility of the kidney and perinephric space 
allow initial drainage of the abscess and subsequent follow-up with a minimum of 
complications [1-4, 6-8]. 

This report further defines the outcome for percutaneous drainage in patients in 
whom initial medical management with broad-spectrum antibiotics failed. 


Materials and Methods 


Thirty patients (16 female and 14 male; age range, 5-83 years) with 32 abscesses, 10 
renal and 22 renal with perirenal extension, treated percutaneously, were selected via 
retrospective review of records from the overall number of more than 300 abscesses drained 
percutaneously at Rhode Island Hospital from 1985 to 1989. Assessment data included age; 
sex; presenting signs and symptoms; medical history; recent surgery; disease states asso- 
ciated with immunosuppression, such as renal insufficiency (creatinine =2.0 mg/dl) or diabetes 
mellitus, known malignancy, immunosuppressive medication, and neutropenia (<500 granu- 
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locytes/ul); manner of radiologic diagnosis and drainage; size of 
abscess; type of tube used; duration of drainage; inpatient or outpa- 
tient status; offending organism; complications; and results (cure, 
palliation, or failure). 

Isolated abscesses within the anterior pararenal space, which tend 
to originate from pancreatitis or gastrointestinal perforations [3, 9]; 
the posterior pararenal space, which usually result from previous 
abdominal surgery [3, 9]; and the psoas muscle were excluded. 

A body temperature of 38.3°C (101°F), flank or abdominal pain, 
and leukocytosis were the most common presenting signs and symp- 
toms; 93% of the patients had at least one, and 83% had at least 
two of these. Persistent high temperature (=38.3°C [101°F]) or a 
deteriorating clinical course despite at least 72 hr of administration of 
broad-spectrum parenteral antibiotics (medical management) neces- 
sitated percutaneous drainage. 

Predisposing factors included obstructive uropathy (nine patients), 
recent surgery (13 patients), and immunosuppression (15 patients). 
Ten of the 13 postoperative patients had had surgical procedures 
involving the urinary tract. Nine patients had not had surgery recently 
or were not immunosuppressed, Seven of these had signs and 
symptoms clearly related to the urinary tract; the remaining two had 
fever of unknown origin and appendicitis as their admitting diagnosis. 

The radiologic diagnosis was made by sonography or CT or both 
in 87% of the patients. Two cases were diagnosed when frank pus 
was aspirated from an abscess cavity during percutaneous nephros- 
tomy. Two cases were suggested by the extravasation of contrast 
material during excretory urography and were confirmed with follow- 
up CT. Fluoroscopy and plain films played little or no role in the 
diagnosis. A combination of CT and fluoroscopy and the Seldinger or 
the trocar technique (for accessible large collections), all via a retro- 
peritoneal approach, are the usual methods of drainage [1-3, 6, 8]. 
The Seldinger technique (22 patients) has been advocated as the 
optimal technique because of its minimal entry trauma. Alternatively, 
the trocar technique (eight patients) can be used for large collections 
that are easily accessible [1, 3, 7, 8, 10]. CT with its excellent 
visualization of anatomic detail allows easy and precise placement of 
a needle (Seldinger technique) in the abscess with subsequent coiling 
of a guidewire in the cavity. Fluoroscopy is used then to advance the 
drainage catheter over the guidewire into the collection. Intervening 
dilatations may be necessary. Initial irrigation and opacification of the 
abscess with a small amount of contrast material are also more 
appropriate under fluoroscopy. The size and type of the catheter 
depended on the size of the abscess and the radiologist’s preference. 
Eight-French all-purpose drainage (Meditech, Inc., Watertown, MA), 
12- or 14-French vanSonnenberg (Meditech), or pigtail nephrostomy 
catheters were used most commonly, all with good success. 

The catheters were secured to the skin by glue and a plastic self- 
retaining disk. Large collections in 16 patients required two tubes, 
one intrarenal and one in the perinephric space. In the remaining 14 
patients, one drainage tube was sufficient. 

Volume of the abscesses ranged from 10 to 650 ml; in 18 ab- 
scesses, it was less than 75 mi. Escherichia coli was the causative 
organism in 14 patients, Proteus mirabilis in eight, other enteric gram- 
negative organisms (e.g., Klebsiella, Pseudomonas, Morganella, En- 
terobacter) in nine, Bacteroides fragilis in four, Candida albicans in 
one, and Staphylococcus aureus in one. Six patients had multiple 
organisms. Eleven patients had direct communication of the abscess 
with the collecting system. Six of these patients had obstruction from 
ureteral stone (four) or duplicated collecting system (two), one had 
had recent instrumentation with perforation, and one had transitional 
cell carcinoma that eroded through the collecting system. Four pa- 
tients with communication to the collecting system and distal obstruc- 
tion required additional urinary diversion via a percutaneous nephros- 
tomy tube. This was performed to avoid persistent high output of 
drainage material through the abscess catheter. 
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Follow-up sonograms, CT scans, or abscessograms were obtained 
without specific routine. Clinical status usually was the dictating factor 
in the time course of the studies. Catheters were removed when the 
patients’ clinical signs and symptoms had resoived (no fever, normal 
white cell count, no flank tenderness), and catheter drainage had 
decreased to less than 5-10 ml/24 hr. Follow-up CT scans, sono- 
grams, and contrast enhancement of the abscess can be helpful in 
the decision process, specifically to evaluate the size of the cavity 
and the position of the catheter and to ensure adequate drainage of 
all collections. 

Outpatient management consisted of continued oral antibiotics and 
meticulous recording of daily catheter outputs by the patient or a 
family member. Contact with the radiologist was biweekly, either by 
telephone or in person. Any unusual drainage, fever, or pain required 
prompt evaluation of the patient and the drainage tube. Follow-up 
abscessograms or CT scans were obtained at a minimum of every 1 
to 2 weeks, with clinical course determining the frequency of follow- 


up. 


Results 


Percutaneous drainage alone was curative in 20 patients 
(67%) as determined by resolution of signs and symptoms or 
follow-up CT. Eight (27%) had improvement of signs and 
symptoms, with defervescence and relief of pain, and had 
become stable clinically but required adjunctive surgery. Ne- 
phrectomy was performed in seven cases, five because of a 
poorly functioning or nonfunctioning kidney, one for removal 
of a renal cell carcinoma that had become superinfected, and 
one because of a loculated abscess that could not be drained 
adequately percutaneously. One patient had open pyeloli- 
thotomy. Interestingly, for two of the kidneys removed sur- 
gically, the pathologic diagnosis was focal xanthogranuloma- 
tous pyelonephritis. 

Three severely immunocompromised patients died before 
resolution could be documented. Their death was not thought 
to be related directly to failure of therapy. One patient had 
profound neutropenia from a hematologic malignant tumor 
and died after a stormy 2-month hospitalization. One patient 
with chronic renal failure and steroid-dependent chronic ob- 
structive pulmonary disease initially had staphylococcal pneu- 
monia from an infected arteriovenous fistula. On the fifth day 
of hospitalization, three separate staphylococcal renal or per- 
irenal abscesses were drained percutaneously, and on the 
94th day the patient died of overwhelming staphylococcal 
pneumonia. One patient with Felty syndrome treated with 
high-dose corticosteroids had a left-sided renal or perirenal 
abscess drained percutaneously on the 12th day of hospital- 
ization, with subsequent clinical improvement of signs and 
symptoms. On the 22nd day, the patient had a nephrectomy 
for a nonfunctioning kidney and died from sepsis of unclear 
cause 5 weeks later. 

Duration of drainage in all patients ranged from 1 to 89 
days; the most frequent was 2—4 weeks (12 patients, 40%). 
In eight patients, duration of drainage was less than 7 days; 
in seven, 1-2 weeks; and in three, more than 4 weeks. In six 
of eight patients requiring surgery, duration of drainage was 
less than 1 week (1, 2, 3, 5, 6, and 6 days). 

All patients were treated initially in the hospital with paren- 
teral antibiotics and placement of a drainage tube. Twelve 
patients (40%) eventually were followed up as outpatients 


until their catheters were moved without significant compli- 
cation. 

The most common minor complication was transient ele- 
vation of body temperature (37.8-40°C) after placement or 
manipulation of the catheter, most probably due to bactere- 
mia. No patient’s condition required vasoconstrictors for 
maintenance of blood pressure. One patient had ureteral 
stenting at the time of catheter placement and had brief 
significant bleeding when the tube was removed, which re- 
quired transfusion and placement of a universal stent with 
side holes. No cause of the bleeding was elucidated, and the 
patient recovered uneventfully. 


Discussion 


Percutaneous drainage of renal and perirenal abscesses 
most often is curative. Our cure rate of 67% is similar to the 
61% cure rate of Sacks et al. [2]. We were unable to achieve 
the 93% cure rate of Lang [1]. Several reasons may account 
for this, including patient selection, abscess type, and adjunc- 
tive surgery. In all of our patients and in all those of Sacks et 
al., an initial trial of broad-spectrum antibiotics had failed. It is 
unclear if initial medical management had failed in ail the 
patients in Lang’s series. Ten (81%) of the abscesses in our 
study were strictly intrarenal, similar to the 33% in the study 
of Sacks et al., whereas 48% were intrarenal in Lang’s series. 
intrarenal abscesses are probably easier to cure. In a study 
by Soulen et al. [11], eight (62%) of 13 were cured by 
antibiotics alone. Twenty-seven percent of our patients, 39% 
of the patients of Sacks et al., and only 6% of Lang’s patients 
required adjunctive surgery. Five of seven of our patients and 
all of the patients of Sacks et al. required nephrectomy not 
because therapy failed but because the residual function of 
the infected kidney was poor. Many of the urologists at our 
institution think that surgery is the best treatment for an 
infected and essentially nonfunctioning kidney. Percutaneous 
drainage is used then to help stabilize and improve the 
patient’s condition preoperatively. It also allows time for ad- 
ditional studies such as renal scintigraphy to assess the 
residual function of the kidney. 

Surgery rarely may be required for ineffectual percutaneous 
treatment. In our series, loculation of the abscess was the 
cause for surgical intervention in one patient. However, others 
have reported successful percutaneous drainage of a locu- 
lated renal abscess requiring multiple tubes or perforation of 
the intervening septa during placement of a single catheter 
[1, 2, 7]. A renal cell carcinoma (we had one case) may 
become infected secondarily and even may be mistaken for 
a primary renal abscess, necessitating, in the appropriate 
clinical setting, cytologic examination of aspirated fluid. 

The size and type of catheter varied with the size of the 
abscess and the personal preference of the radiologist. Sev- 
eral investigators [12, 13] advocate using a catheter greater 
than 8.3-French, and we generally adhere to this point of 
view. In our series, all intrarenal abscesses were cured by 
using one drainage tube. Small abscess extensions into the 
perinephric space (four patients) also required one drainage 
tube only for eventual cure. The remaining patients had larger 
perinephric extensions, and two tubes were required for 
treatment. 

The catheter usually can be removed in 2-4 weeks. Clinical 
assessment, follow-up imaging studies, and resolution of 


presenting signs and symptoms help facilitate appropriate 
timing of removal. 

Complications were unusual. A transient febrile episode 
without sequelae in the first 12 hr after placement of the 
catheter was the most common complication related to per- 
cutaneous abscess drainage. One patient had a significant 
bleeding episode after the catheter was removed. Other 
possible complications not encountered in our series are 
erosion or inadvertent placement of the catheter into the 
gastrointestinal tract [1, 2, 14], inadvertent dislodgement of 
the drainage catheter [7], and renal vascular or ureteral injury. 
Three severely immunocompromised and debilitated patients 
(10%) died in our series, but this was not thought to reflect 
failure of percutaneous drainage. 

Comparison of percutaneous drainage cure rates with pre- 
viously reported surgical cure rates of the 1960s and early 
1970s may not be valid. This is due to the changed nature of 
the disease. The most common causative organism no longer 
is S. aureus, which is found in IV drug abusers and in infants 
and children. Instead, the most common organisms are gram- 
negative enterics, which are found in patients who are im- 
munccompromised, have had surgery, or have urinary tract 
anomalies or obstruction. 

In summary, renal and perirenal abscesses can be treated 
safely and effectively percutaneously without severe compli- 
cations. Our series and that of Sacks et al. [2] indicate the 
overall expected cure rates of 61-67%. Lang [1] suggests 
that even a higher cure rate (93%) is possible. Adjunctive 
surgery may still be required in cases of a poorly functioning 
or nonfunctioning kidney. Many patients can be treated safely, 
in part, as outpatients. 
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Diagnostic Evaluation of Cancer 
Patients with Pelvic Pain: 
Comparison of Scintigraphy, CT, 

and MR Imaging 


Pelvic pain in cancer patients can result from several causes. The most appropriate 
choice of imaging techniques for evaluating such patients has not been established. We 
evaluated 27 cancer patients with pelvic pain by using radionuclide bone scintigraphy 
(24 patients), abdominal CT (27 patients), and pelvic MR imaging (27 patients) and used 
the correlation between symptoms and imaging findings to compare these imaging 
methods. The study population included 11 patients with Ewing sarcoma, six with other 
sarcomas, five with colorectal cancers, and five with other tumors. All patients had 
pelvic pain, and eight had pain radiating to a leg. Twenty-three patients had soft-tissue 
masses, and 19 had bone metastases; 16 had both. Findings on bone scans explained 
the symptoms in 17 (71%) of 24 patients, findings on CT in 23 (85%) of 27 patients, and 
findings on MR imaging in 25 (93%) of 27 patients. The difference between bone 
scanning and CT or MR was statistically significant {p < .05); however, the difference 
between CT and MR imaging was not significant (p > .05). MR imaging detected 41 
(98%) of 42 relevant lesions, whereas CT detected 31 (74%) of 42, and bone scanning 
17 (44%) of 39. 

We conclude that MR is superior to either bone scanning or CT in the initial evaluation 
of pelvic pain in cancer patients. Such information can be important in directing the 
treatment of these patients. 
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Specific causes of pelvic pain in cancer patients include bone and soft-tissue 
metastases or complications after surgery or radiation therapy, as well as benign 
disease such as disk herniation. A thorough history and physical examination often 
can differentiate these causes, but imaging studies frequently are performed to 
define or exclude an anatomic lesion. The methods available include plain radiog- 
raphy, scintigraphy, CT, and MR imaging. We compared the sensitivity of three 
imaging procedures in identifying the causes of pelvic pain in the cancer patient. 


Materials and Methods 


Twenty-seven patients with a known malignant tumor or myeloproliferative disorder were 
seen between April 1985 and January 1989 for evaluation of pelvic, sacral, or buttock pain. 
Eight also had sciatic pain. All 27 patients underwent CT and MR imaging, and 24 underwent 
bone scanning. Only patients who had two or more studies were included in this study. The 
procedures were performed within 2 months of one another, most (23 of 27) within 2 weeks. 
The order of the studies was random. There were 14 males (aged 14-65) and 13 females 
{aged 10-61). 

Underlying diagnoses in the 27 patients included Ewing sarcoma in 11, other sarcomas in 
six (osteosarcoma, chrondrosarcoma, and rhabdomyosarcoma), colorectal cancer in five, 
lymphoma in three, and other tumors in two (ovarian, melanoma). The pain was right-sided 
in 12 patients, left-sided in 11, and bilaterali in four. Sixteen patients had both soft-tissue 
masses and bone disease, seven had soft-tissue masses only, and four had bone disease 
only (two of these were from benign causes: bone cyst with fracture and avulsion fracture). 
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Bone scans were obtained with 15-20 mCi (555-740 MBq) °°"Tc- 
MDP by using planar imaging. CT was performed on a GE 9800 unit 
(General Electric, Milwaukee, WI); 10-mm contiguous sections were 
used. IV contrast material was used in 13 patients. MR was per- 
formed on a 0.5-T Picker (Highland Heights, OH) MR unit (23 patients) 
and a 1.5-T General Electric unit (four patients) with the following 
nominal pulse sequences: T1-weighted spin echo, 300-500/12-20 
(TR/TE), in axial, sagittal, and coronal planes; T2-weighted spin-echo, 
2000/80-100, in the axial plane; and short inversion-time inversion 
recovery (STIR), 1500-1640/100-140/26-30 (TR/TI/TE), in the cor- 
onal plane. Additional imaging planes and pulse sequences were 
used as needed. 

One radiologist performed a retrospective review of the bone 
scans, CT scans, and MR images without knowledge of the clinical 
symptoms. Lesions were identified on the basis of their anatomic 
proximity or involvement of the sacral nerve roots and sciatic nerve. 
Lesions not near the appropriate site of pain were not considered 
relevant to this evaluation. 

Medical records were reviewed without knowledge of the imaging 
results. Pain distribution was recorded, as well as the results of any 
confirmatory test such as myelography (three patients) or electro- 
myography (four patients). The results were compared then with 
imaging findings. When a lesion corresponded exactly or closely to 
the patient’s symptoms, the study was considered positive. If the 
study findings were normal or did not explain the symptoms, the 
study was considered negative. Statistical differences were deter- 
mined by using the McNemar test. 


Results 


An anatomic abnormality that could account for the pa- 
tients’ symptoms was present on at least one of the imaging 
techniques in 26 of 27 patients. In one patient (discussed 
later), imaging findings were normal. 

MR imaging and CT were performed in 27 patients, and 
bone scintigraphy was performed in 24. Findings on MR 
imaging explained the symptoms in 25 (93%) of 27 patients, 
including 23 (100%) of 23 soft-tissue lesions and 18 (95%) of 
19 bone lesions. Soft-tissue findings on MR imaging included 
two cases of cauda equina and nerve-root metastases, 17 
cases of neoplasm involving the lumbosacral nerves in the 
pelvis, two cases with involvement of the sciatic nerve in the 
buttocks, and two cases with involvement of more than one 
site (Fig. 1). Findings on CT explained the symptoms in 23 
patients (85%), including 17 (74%) with 23 soft-tissue lesions 
and 14 (74%) with 19 bone lesions. Findings on bone scintig- 
raphy explained the symptoms in 16 (67%) of 24 patients, 
showing no soft-tissue masses and 17 (89%) of 19 bone 
lesions. 

Of the 42 possible sites of abnormality (23 soft-tissue 
lesions and 19 bone lesions), MR imaging detected 41 (98%) 
and CT detected 31 (74%). Bone scintigraphy detected only 
17 (44%) of 39 possible sites. 

No correlation was found between imaging findings and 
pain in two patients. One of these was a 14-year-old boy with 
a history of Ewing sarcoma of the left humerus who had pain 
in the right buttock. Radiographs showed an abnormality in 
the right ischial tuberosity suggestive of malignancy. CT 
showed a fracture that was misinterpreted as a tumor. The 
findings on bone scans were nonspecific. Findings on MR 
initially were interpreted as normal. Surgical resection re- 
vealed an avulsion injury of the ischial tuberosity. The second 


AJR:155, July 1990 








\ \ A- Lumbar roots LJ 
S W- Sacral roots 

@- Sciatic notch 

O- Gluteal 











Fig. 1.—Sites of pelvic-nerve metastases (n = 23). 


patient had ovarian cancer with left-sided sciatic pain, but 
findings on MR images, CT scans, and bone scans were 
normal. One and one-half years after MR imaging, the patient 
was cancer-free; there was still no explanation for her symp- 
toms, which had improved. 

In 16 of 21 patients in whom nerve-root involvement was 
present, the coronal STIR images provided superior images 
of the anatomy compared with spin-echo T1- and T2- 
weighted images and CT. All cases of clinically suspected 
nerve-root involvement were confirmed on STIR images, al- 
though pathologic correlation was not available. 


Discussion 


Low-back pain or sciatica can result from several sources. 
In addition to benign causes such as disk herniation, the 
oncologic patient is at risk for the development of a tumor or 
metastasis that directly affects the nerve roots and sacral 
plexus. The vague or confusing nature of symptoms can 
make the clinical diagnosis of an anatomic abnormality difficult 
[1]. Moreover, the intricate anatomy of the lumbosacral plexus 
can complicate diagnostic imaging [2, 3]. 

Imaging techniques such as bone scanning and CT are 
useful in the evaluation of patients with sciatic symptoms 
[4]. However, scintigraphy is limited to processes affecting 
the skeleton, and CT can fail to show retroperitoneal tissue 
masses that are too small to be considered pathologic. More- 
over, subtle (Figs. 2-4) soft-tissue or bone lesions may be 
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Fig. 2.—Right lumbosacral metastases in- 
volving right lumbosacral plexus in patient with 
melanoma. 

A, Bone scintigram shows focus of abnormal 
activity (arrow) in right L4 vertebral body. Sac- 
rum was considered normal. 

B and C, Abdominal CT scans show normal 
sacrum and only mild enlargement of right piri- 
formis muscle (arrow). 

D, Coronal STIR MR image (1500/100/26) 
shows metastatic lesion at L4 (straight arrow) 
and sacrum (curved arrow). 

E, More posterior image shows involvement 
of lumbar roots (straight solid arrow) and sacral 
nerve roots (curved arrow). Contralateral normal 
sacral nerve root (open arrow) is well seen. 


A 











Fig. 3.—54-year-old patient with metastatic colorectal cancer and metastases involving lumbosacral roots. 


A, Bone scintigram shows no abnormalities. 


B, Abdominal CT scan shows two soft-tissue masses (arrows) initially misinterpreted as unopacified bowel. 
C, Coronal STIR MR image (1500/100/26) shows multiple soft-tissue masses (straight arrows) in course of sciatic nerve (curved arrows). Primary mass 


(M) is seen also in rectosigmoid colon. 
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Fig. 4.—20-year-old patient with Ewing sarcoma of pelvis and lower 
back pain. STIR MR image (2000/160/25) at 1.5 T shows discrete metas- 
tases to right L4 and L5 nerve roots (black arrows). Note normal-appearing 
roots on contralateral side (white arrows). Findings on CT and bone 
scintigraphy were normal in this area. 


missed on CT. MR is useful in the diagnosis of benign 
conditions such as disk herniation and lumbar stenosis and 
in the early detection of vertebral metastases, because of its 
multiplanar capabilities and ability to show disease processes 
[5]. Standard T1- and T2-weighted spin-echo images, how- 
ever, do not show nerve roots well. In this study, we relied 
on the STIR sequence to depict normal and abnormal neural 
and osseous anatomy, and this pulse sequence was crucial 
to our success with MR images. The STIR sequence, first 
described by Bydder and Young [6], uses an inverting pulse 
that effectively eliminates the contribution of fat to the MR 
image. Thus, bone marrow and retroperitoneal fat are low in 
signal intensity on STIR images [7, 8]. Areas of malignancy, 
in general, are high in signal and conspicuous against the fat- 
suppressed background [9]. Moreover, the STIR sequence 
provides excellent delineation of the proximal nerve roots and 
cord (Figs. 2-4). The sciatic nerve itself may not be seen, but 
its location can be inferred from signal arising within the 
accompanying inferior gluteal artery and vein. Parenthetically, 
field strength is not an inherent limitation, as diagnostically 
useful scans were obtained at both 0.5 and 1.5 T in this 
study. 

Metastases to the pelvis and nerve roots are a frequent 
cause of pelvic pain, particularly in patients with advanced 
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malignant tumors. Pelvic MR alone showed a greater per- 
centage of lesions when compared with CT and bone scan- 
ning in the diagnosis of lumbosacral nerve-root involvement. 
Nevertheless, we wish to emphasize that the patients in this 
study and the population from which they were drawn repre- 
sent those with the most advanced stages of disease, and 
thus were more likely to yield positive findings than would 
patients from a more general oncologic setting. Also, when 
MR imaging is unavailable or contraindicated, CT and bone 
scintigraphy usually will suffice. MR combines in one study 
the ability to assess disk herniation, metastasis to the bone, 
and nerve-root involvement, all of which can cause pelvic 
pain. This provides a rationale for the use of pelvic MR as the 
primary means of evaluating pelvic pain in oncologic patients. 
The findings of these studies also can be used as a guide for 
appropriate radiation therapy or follow-up of chemotherapy. 
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Technical Note 


Oblique Plain Radiographs Are Useful for Detecting 
Opaque Presacral Ureteral Calculi 


Olga M. B. Gatewood"? and Joan E. Berkowitz' 


Radiopaque ureteral calculi in the distal portion of the ureter Materials and Methods 
frequently are hidden on plain abdominal radiographs because 


the calculi are superimposed on the complex bony structure In the past 3 years, we have encountered four patients with renal 
of the sacrum. We present four patients in whom the ob- colic in whom, in addition to the anteroposterior plain abdominal 
structing calculus was depicted clearly on an additional ipsi- radiograph, a posterior oblique radiograph of the abdomen was 
lateral oblique view of the abdomen. obtained before injection of contrast medium for excretory urography 





Fig. 1.—25-year-old man with left-sided renal colic. 

A, Anteroposterior plain abdominal radiograph shows a questionable radiodensity at left lumbosacral junction (arrow). A ureteral calculus is not 
definitely identified. 

B, Left posterior oblique radiograph clearly shows that this radiodensity is a 13 x 5 mm calculus. 

C, Left posterior oblique radiograph made 15 min after injection of contrast material shows questionable focal ureteral narrowing (arrowhead). Stone is 
isodense with contrast material. 
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Fig. 2.—28-year-old woman with right-sided renal colic. 
A, Anteroposterior plain abdominal radiograph shows no evidence of radiopaque calculus. 
B, Right posterior oblique radiograph shows a 5-mm calculus (arrow). 
C, Right posterior oblique radiograph made 15 min after injection of contrast material shows obstruction of right ureter. Stone is isodense with contrast 
material and not clearly identifiable. 


The patients were 25, 28, 37, and 60 years old. All had unilateral 
renal colic, three on the left side and one on the right side. All had 
microscopic hematuria. 

In all four patients, the calculus was not identified on the antero- 
posterior radiograph obtained with the patient supine. A posterior 
oblique view of the supine patient, however, clearly depicted the 
calculus. The calculi were 13 x 6 mm in two patients and 5 x 5 mm 
in the third (Figs. 1 and 2). Two calculi in the fourth patient were 8 x 
5 mm and 6 x 5 mm. After injection of contrast material for IV 
urography, the stones became isodense with the contrast medium in 
three patients and were not identifiable on the urogram. In the fourth 
patient, the calculus was identifiable on the 4-hr urogram. 


Discussion 


About 90% of urinary calculi are radiopaque [1, 2]. There- 
fore, the majority should be visible on plain abdominal radio- 
graphs. Nevertheless, studies have shown that calculi are 
often overlooked [3, 4]. In one report [2], an opaque calculus 
was not recognized on plain films in 27% of 75 patients with 
proved ureteral calculi. An oblique view of the supine patient 
on the side of the pain projects the presacral portion of the 
ureter over the homogeneous bone of the ilium, thus un- 
masking an obscured calculus at that level. 

Because ureteral calculi may be obscured by contrast 
material during IV urography, the cause of the obstruction 
may remain obscure, and additional diagnostic workup, such 
as a retrograde or antegrade ureteropyelography or CT [5], 
then is needed to determine the origin of the obstruction. This 


is particularly true of patients with obstruction of the presacral 
portion of the ureter, where ureteral obstruction due to causes 
other than calculi are frequent [6, 7]. 

Our experience with these cases suggests that an ipsilat- 
eral posterior oblique plain abdominal radiograph of the supine 
patient may be useful in detecting a radiopaque ureteral 
calculus in the presacral portion of the ureter when a calculus 
is not identified on the anteroposterior view. 
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Case Report 


Epididymitis Associated with Mullerian Duct Cyst and 
Calculus: Sonographic Diagnosis 


Richard H. Ardill,’ J. Carlos Manivel,? Sue Beier-Hanratty,’ Cesar Ercole,? and Janis Gissel Letourneau’ 


The prostatic utricle is derived from the fused ends of the 
miullerian duct and is the homologue of the uterus and upper 
vagina [1]. In the male fetus, secretion of mullerian regression 
factor by the testes causes involution of the mullerian system 
so that only vestigial structures persist. The cephalic aspect 
of the millerian system persists as the appendix testis and 
the caudal aspect as the prostatic utricle [2]. 

In this case report, we describe the sonographic diagnosis 
of a large müllerian duct cyst containing a calculus in a young 
man with epididymitis. The relationship between this congen- 
ital anomaly and the clinical presentation is discussed, as is 
the embryologic basis of the anomaly. 


Case Report 


A 19-year-old man was seen in the emergency department four 
times in 2 weeks because of right-sided scrotal pain. A clinical 
diagnosis of epididymitis was made and was corroborated by testic- 
ular sonography. The patient had normal external genitalia. Results 
of urinalysis, urine culture, and blood cultures were negative. He was 
hospitalized because of refractory pain in spite of antibiotic therapy, 
and excretory urography and retrograde urethrography were done, 
showing normal renal anatomy and a large calculus in the region of 
the prostate (Fig. 1A). Transrectal prostatic sonography showed that 
the 2-cm-diameter calculus was situated within a midline prostatic 
cyst near the orifice of the right ejaculatory duct (Figs. 1B and 10). 
During surgery, this cyst was unroofed and the calculus was re- 
moved. No malignancy was detected on pathologic examination of 
the cyst (Fig. 1D). 


Discussion 


Transrectal prostatic sonography has principally been used 
to examine patients with suspected prostatic carcinoma. 


However, it also can be used to evaluate benign prostatic 
disease, including prostatitis and congenital lower genitouri- 
nary tract anomalies. Specifically, transrectal sonography can 
aid in the localization and diagnosis of deep pelvic cysts in 
the male. Sonography also can be used for guided aspiration 
of these cysts [3]. 

The terms mullerian duct cyst and enlarged prostatic utricle 
are often used interchangeably [4], but the underlying embry- 
ologic abnormality is controversial. When these entities are 
considered separately, they can be characterized by clinical 
criteria. 

The millerian duct cyst, usually seen in young adults (third 
or fourth decade), is typically round, large, and often extends 
above the prostate gland. It does not communicate with the 
posterior urethra. It is usually not associated with hypo- 
spadias or intersex problems and most often is an isolated 
abnormality, although it may rarely be associated with unilat- 
eral renal agenesis similar to seminal vesicle cysts. 

Miullerian duct cysts may obstruct the ejaculatory ducts or 
vas deferens; alternatively, the ejaculatory ducts may open 
into the cyst cavity. The ejaculatory duct normally terminates 
on both sides of the urogenital sinus at the level of the 
verumontanum. The verumontanum frequently is absent or 
its anatomy may be disrupted by the enlarged mullerian duct 
cyst; either situation prevents the ejaculatory ducts from 
reaching their normal insertion into the verumontanum. These 
anatomic considerations explain why some of these patients 
have epididymitis, because normal emptying of the vas def- 
erens is not possible with these abnormalities. 

The prostatic utricle, on the other hand, has been called 
the homologue of the uterus or the “utriculus masculinus.” 
Prostatic utricle enlargement is usually found in younger 
patients and is commonly associated with hypospadias or 
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intersex problems. The prostatic utricle is usually tubular and 
does not extend outside the prostate; it communicates with 
the posterior urethra in the majority of cases. The basic clinical 
features of these two entities are summarized in Table 1. 

Embryologically, mullerian duct cysts represent a local fail- 
ure of the mullerian ducts to regress. This is most likely due 
to inadequate production of müllerian inhibiting substance by 
the fetal testes, because the testes can induce normal devel- 
opment of wolffian derivatives. The enlarged prostatic utricle, 
on the other hand, is part of a more severe developmental 
abnormality. Its frequent association with hypospadias and 
intersex disorders indicates inadequate virilization of wolffian 
derivatives and defective regression of miillerian derivatives. 
The latter may be due to inadequate production of miillerian 
inhibiting factor by an abnormal gonad, which likewise is 
unable to support normal virilization [5]. 

Differential diagnosis of deep pelvic cysts in the male in- 
cludes mullerian duct cyst, prostatic utricle, seminal vesicle 
cyst, ejaculatory duct cyst, prostatic cyst or abscess, urachal 
cyst, bladder diverticulum, hydatid disease, and intrapelvic 
neoplasm [2, 6]. The differential diagnosis in this case was 
limited by the contiguity of the cyst with the posterior aspect 
of the prostate. Sonography was of value in this patient for 
precise localization of the cyst and its calculus. Surgical 
removal was planned in this patient because of the limited 
differential diagnosis and the established success of this 
treatment; transrectal sonographically guided cyst aspiration 
may be helpful in selected cases when microbiologic data are 
needed for preoperative treatment, but is not useful for defin- 
itive therapy because such cysts invariably recur [2]. The 


Fig. 1.—Millerian duct cyst with calculus. 

A, Retrograde urethrogram in oblique view 
shows a 2-cm calculus (arrows) in region of 
prostate. 

B, Transverse transrectal sonogram of pros- 
tate shows a calculus (arrowheads) in a midline 
cyst (arrows). 

C, Sagittal transrectal sonogram (cephalad on 
the left) shows fluid-filled rectum (curved white 
arrows) with calculus (arrowheads) within cyst 
(curved black arrows). Note anterior displace- 
ment of prostate (straight arrows). 

D, Gross pathologic specimen of miilerian 
duct cyst. Cyst wall is thin, inner surface is 
smooth. A stone removed from cyst shows nu- 
merous crystallike structures. 


TABLE 1: Clinical Features of Prostatic Utricle vs Millerian 
Duct Cyst 
EN e 


Clinical Feature Prostatic Utricle Millerian Duct 





Cyst 
Age of presentation First to second decade Third to fourth 
decade 
Configuration Tubular Round 
Communication with Common Rare 
urethra 


Associated anomalies Common (usually hypo- Rare 
spadias) 


SS a a 


diagnosis of mullerian duct cysts and prostatic utricle should 
be considered when the patient has epididymitis and a deep 
pelvic cyst near the prostate gland. 
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CT Detection of Cortical Fracture 
of the Femoral Head Associated 
with Posterior Hip Dislocation 


Posterior dislocation of the femoral head is a common injury in automobile accidents 
and is frequently associated with fractures of the posterior acetabular rim. Fractures of 
the anterior cortex of the femoral head have not been described. One hundred sixty- 
four cases of posterior hip dislocation presenting consecutively to our shock trauma 
unit and emergency department during a 3-year period were evaluated with plain film 
radiology and CT. In 21 cases (13%), CT showed an anterior cortical fracture of the 
femoral head that could not be seen on plain radiographs. This injury is similar to the 
Hill-Sachs lesion of the humerus that results from anterior dislocation. The anterior 
cortical fracture was associated with fractures of the posterior acetabulum in 18 cases 
(86%). The anterior fracture is caused by impaction of the anterior femoral head against 
the posterior acetabular rim at the time of dislocation. 

We conclude that anterior cortical fracture of the femoral head is a common accom- 
paniment to posterior acetabular dislocation. 


AJR 155:93-94, July 1990 


Fracture of a bone around a joint occurring with dislocation of that bone is a 
well-recognized association, seen most commonly in the Hill-Sachs lesion, an 
impacted fracture of the humerus after anterior dislocation. In the hip, an impacted 
fracture of the femoral head after anterior dislocation also has been reported [1]. 
An impacted fracture of the anterior cortex of the femoral head occurring during 
posterior dislocation of the femoral head has not been described. This fracture is 
not visible on plain radiographs, which explains why this has not been reported 
before. Our study indicates that this is a common injury however, occurring as a 
result of impingement of the femoral head on the posterior acetabular rim. This 
fracture is readily identified on CT, and its CT appearance is described and 
illustrated in this report. 


Materials and Methods 


We retrospectively reviewed 164 consecutive patients with acetabular dislocations and 
fracture dislocations, seen in our emergency department and shock trauma center during a 
3-year period, in whom CT scans were obtained. The patients’ charts, surgical reports, and 
plain radiographs were examined to confirm acetabular dislocation when this was not 
positively identified at the time of the CT scan. The CT scans were evaluated independently 
by the authors. A clear indentation or cortical interruption in the anterior aspect of the femoral 
head on the affected side was regarded as indicating an anterior cortical fracture. Plain films 
were interpreted without knowledge of the CT appearances. In addition, the contralateral 
normal hip was evaluated in every case. 


Results 


Impacted fractures were seen in 21 (13%) of 164 posterior fracture dislocations 
(Figs. 1-4). In 69 cases, the femoral head remained dislocated during the initial CT 
examination, and in one case the femoral head clearly still contained the posterior 





4 


acetabular fragment lodged within the impacted cortical frac- 
ture (Fig. 4). In one case, the dislocation was not noted in the 
patient's chart at the time of admission, possibly because of 
the severity of the injuries in this multitrauma patient. This 
patient had the classic posterior acetabular fracture attributed 
to the dislocation. In most cases, the fracture was a small 
(<5 mm) V-shaped infraction of the anterior cortex (17 cases), 
although a more diffuse defect also was seen (Fig. 3). No 
impacted fractures were identified on the normal side in any 
of the patients studied. In addition, the fracture was not seen 
on plain radiographs in any case. Fracture of the posterior 
acetabular rim was seen in 18 of the 21 cases in which the 
anterior cortical fracture of the femoral head was seen. This 
varied from a minor avulsion of the posterior rim to a major 
disruption involving the posterior column of the acetabulum. 


Discussion 


The most common direction for a dislocation of the femoral 
head seen today is posterior, usually resulting from impinge- 
ment of the knee against the dashboard during automobile 
accidents. Fracture of the posterior portion of the acetabulum 
is a frequent accompaniment to this type of injury and has 
been shown by Judet et al. [2] to result from posteriorly 
directed forces transmitted through the femur. Slice fractures 
of the femoral head, in which a portion of the acetabular bone 
and cartilage is sheared off and left as a free fragment during 
posterior dislocation, also have been described [3]. 

Cortical infractions are well-recognized sequelae to joint 
dislocations and are most commonly recognized at the shoul- 
der. The Hill-Sachs lesion is an infraction of the posterior/ 
superior cortex of the humeral head from impingement on the 
inferior rim of the glenoid cavity after anterior dislocation of 
the shoulder. In the hip, a cortical fracture of the posterior 


Fig. 1.—CT scan shows postreduction image 
after posterior dislocation of right hip, as evi- 
denced by disruption of posterior pillar of ace- 
tabulum (/arge arrowhead). Note focal defect on 
anterior cortex of right femoral head (small ar- 
rowhead). Normal left femoral head shows no 
similar defect. 


Fig. 2.—Postreduction CT scan shows a focal 
defect on anterior cortex of femoral head (large 
arrowhead) and a small avulsion of posterior rim 
of acetabulum (small arrowheads). 


Fig. 3.—CT scan shows diffuse cortical ab- 
normality in anterior aspect of femoral head 
(small arrowheads). Note disruption of posterior 
acetabular rim resulting from posterior disloca- 
tion (large arrowhead). 


Fig. 4.—CT scan shows posterior dislocation 
of left femoral head with a fracture of left pos- 
terior acetabular pillar. Partial reduction has 
been obtained, but full reduction is prevented by 
a fragment of bone arising from posterior ace- 
tabular rim that has become embedded in ante- 
rior cortex of femoral head. 


aspect of the femoral head also has been reported in associ- 
ation with anterior dislocations of the femoral head [1]. How- 
ever, we have found no report of a similar fracture of the 
anterior femoral head from posterior dislocations. The reason 
that this fracture has not been reported before is most likely 
that the lesion is not visible on plain radiographs and, when 
visible on CT, is a minor finding compared with the posterior 
dislocation of the femoral head and disruption of the posterior 
acetabular rim, which occurred in the majority of our cases 
(Figs. 1-4). 

The mechanism of this injury is thought to be forceful 
impingement of the anterior aspect of the femoral head on 
the posterior acetabular rim during fracture/dislocations of 
the femoral head, much as occurs in Hill-Sachs lesions of the 
shoulder. In our series, this type of injury occurred in auto- 
mobile accidents, with the knee forcefully jammed against the 
dashboard of the car with the hip flexed. This gives rise to 
posterior dislocation of the femoral head, allowing impaction 
of the posterior rim of the acetabulum against the anterior 
cortex of the femoral head, and is best illustrated by the case 
in which the acetabular rim fragment remains in place in the 
femoral head with the appearance similar to a hatchet blade 
buried in a log (Fig. 4). 

We conclude that a cortical fracture of the femoral head, 
equivalent to the Hill-Sachs lesion of the humeral head, is a 
common sequela to posterior dislocation of the femoral head. 
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Does Dysbaric Osteonecrosis 
Progress in the Absence of 
Further Hyperbaric Exposure? 
A 10-Year Radiologic Follow-up 

of 15 Patients 





Progression of dysbaric osteonecrosis of the femoral and humeral heads was evalu- 
ated in 15 caisson workers. All patients had dysbaric osteonecrosis but had had no 
further exposure to hyperbaric pressures for a minimum of 10 years. The original and 
follow-up radiographs were compared in each case. Of 24 normal articular heads (nine 
humeral and 15 femoral), one (4%) humeral head developed new subcortical sclerosis. 
Of the 36 juxtaarticular lesions, seven (four humeral and three femoral) showed major 
changes in the 10-year interval. Of these seven, two (one humeral and one femoral) had 
new articular fractures and three (two humeral and one femoral) with articular fractures 
showed progressive osteoarthritis. 

We conclude that caisson workers can develop lesions in previously normal areas 
and experience worsening of previously known lesions in the absence of further 
exposure to hyperbaric pressures. 


AJR 155:95-97, July 1990 


Dysbaric osteonecrosis is avascular necrosis that results from the abrupt return 
to normal atmospheric pressure after prolonged exposure in hyperbaric pressures, 
such as may occur in people working in tunnels pressurized during construction to 
keep out ground water (caissons). We studied the changes that occurred in 15 
men with known dysbaric osteonecrosis on follow-up radiographs obtained after a 
minimum of 10 years without further exposure to hyperbaric pressures. 


Materials and Methods 


In 1972, Nellen and Kindwall [1] described the radiologic findings of dysbaric osteonecrosis 
in 59 male caisson workers who were followed up over the next 18 years sporadically as 
their symptoms required. Many were lost to follow-up. Fifteen workers were located and 
restudied by using views and positions identical to those in the original study. At reexamina- 
tion, these patients were 51 to 70 years old (mean, 58 years). Initial pressure exposure 
records were unavailable. All patients had a minimum of 10 years without further hyperbaric 
pressure exposure (range, 10-18 years; mean, 14 years). The study was approved by the 
hospital research committee, and informed consent was obtained in all cases. 

The humeral and femoral head radiographs were serially reviewed and changes were 
categorized according to the criteria suggested by Arlet and Ficat [2], which assign bones 
with normal radiologic architecture to stage |. Lesions that produced subchondral sclerosis 
were designated stage Il. Stage Ill lesions resulted in articular fracture. Osteoarthritic 
degeneration and joint-space narrowing characterized stage IV lesions. 

The original radiographs showed 24 normal (stage 1) articular heads (nine humeral and 15 
femoral). Thirty-six juxtaarticular lesions (21 humeral and 15 femoral) were identified. Twenty- 
six (15 humeral and 11 femoral) showed subchondral sclerosis (stage II lesions). Eight (five 
humeral and three femoral) showed articular fracture (stage III). Two (one humeral and one 
femoral) showed osteoarthritic degeneration (stage IV). 
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Results 


The follow-up radiographs showed one humeral head (4%) 
with new subchondral sclerosis (stage II lesion). Twenty-three 
heads (eight humeral and 15 femoral) remained normal (stage 
I) on radiographs. Two (8%) of 26 lesions (one humeral and 
one femoral) progressed from subchondral sclerosis (stage II) 
to develop articular fractures (stage Ill). Three (38%) of eight 
lesions (two humeral and one femoral) with articular fracture 
(stage III) showed new osteoarthritic changes (stage IV) (Figs. 
1-3). 


Discussion 


Dysbaric osteonecrosis is avascular necrosis that occurs 
as a result of insoluble microbubbles of nitrogen forming in 
the blood as a result of rapid decompression [3, 4]. Radiolog- 
ically and pathologically, these lesions are indistinguishable 
from avascular necrosis of any cause. The number and se- 
verity of the lesions is directly related to the frequency and 
severity of the exposure to a hyperbaric environment [5-8]. 
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Fig. 1.—65-year-old former caisson worker 
with progression of osteonecrosis over 14 years. 

A, Initial frontal radiograph of left humeral 
head shows linear subchondral sclerosis (stage 
Il lesion). 

B, Follow-up frontal radiograph 14 years later 
shows articular collapse and osteoarthritis 
(stage IV lesion). 


Fig. 2.—61-year-old former caisson worker 
with progression of osteonecrosis over 10 years. 

A, Initial frontal radiograph of left humeral 
head shows multiple areas of cystic rarefaction 
and sclerosis and partial articular collapse 
(stage Ill lesion). 

B, Follow-up radiograph 10 years later shows 
articular cortical collapse and osteoarthritis 
(stage IV lesion). 


The proximal humeral and femoral heads are the most 
commonly affected sites for juxtaarticular lesions. The earliest 
findings on radiographs are subchondral crescents of scle- 
rosis. Subcortical lucencies also may develop and may pro- 
gress to cortical fractures causing articular surface fragmen- 
tation and deformity. Changes are not evident on radiographs 
for 2-3 months, but can be detected by bone-avid radio- 
nuclide scans in as early as 2-3 weeks [9]. 

Gregg and Walder [10] described the plain film and scinti- 
graphic findings in 12 patients with dysbaric osteonecrosis 
after long-term cessation of work in a hyperbaric environment. 
They concluded that scintigrams are better than comparison 
radiographs in the evaluation of continued bony changes. 
Interestingly, of the 17 juxtaarticular lesions described, only 
two had progressed to subchondral linear opacities (stage ll), 
and none had progressed to articular fracture (stage Ill) or 
osteoarthritic degeneration (stage IV). 

Our findings show that the juxtaarticular lesions of dysbaric 
osteonecrosis are not static (rather they may arise in previ- 
ously normal humeral and femoral heads) and that preexisting 
lesions can worsen and ultimately progress to articular frac- 
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Fig. 3.—58-year-old former caisson worker 
with progression of osteonecrosis over 12 years. 

A, Initial frog-leg view of left femoral head 
shows linear sclerosis (stage II lesion). 

B, Follow-up radiograph 12 years later shows 
partial articular collapse (stage III lesion). 


ture, deformity, and/or osteoarthritic narrowing and degen- 
eration. Furthermore, contrary to current opinion, joints with 
subchondral areas of increased density (stage II lesions) can 
and will worsen and develop articular fracture, sequestrum 
formation, and head deformity (stage Ill lesions) and can 
progress to osteoarthritis (stage IV lesions). Specifically, one 
femoral head progressed to articular fracture from subchon- 
dral sclerosis, and two humeral heads with articular fracture 
progressed to frank osteoarthritic degeneration. 

We conclude that (1) juxtaarticular lesions of dysbaric os- 
teonecrosis can occur in previously normal humeral and fem- 
oral heads years after the initial hyperbaric exposure, (2) 
sclerotic juxtaarticular lesions can progress to articular frac- 
ture and deformity, and (3) lesions can progress to potentially 
disabling osteoarthritis of the shoulders and hips. 
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Pictorial Essay 


Musculoskeletal Manifestations of the Marfan Syndrome: 


Radiologic Features 


Donna Magid," ? Reed E. Pyeritz,° and Elliot K. Fishman’ 


Marfan first described the phenotype of the syndrome that 
now bears his name in 1896. Although in fact this first patient 
may not have had Marfan syndrome, the early literature 
continued to amass a number of descriptions of loose-jointed, 
dolichostenomelic patients with a recognizable spectrum of 
musculoskeletal, ocular, and cardiovascular manifestations. 

Marfan syndrome now is defined as an autosomal domi- 
nant, pleiotropic, heritable disorder of connective tissue, in 
which 15-30% of all cases may be due to sporadic mutation 
in a parental germ cell. Prevalence is estimated at four to six 
cases per 100,000 people. The Marfan gene exhibits consid- 
erable variability of expression and is seen in all major ethnic 
groups. The clinical manifestations defining Marfan syndrome 
cluster in three systems: skeletal, ocular, and cardiovascular. 
However, other organs or tissues, such as the skin, lung, and 
dura, may be severely affected. Much remains to be discov- 
ered about cause and pathogenesis in this syndrome; analysis 
of abnormal elastic fibers is beginning to provide some insight, 
but the dramatic skeletal overgrowth, muscle hypotonia and 
atrophy, and ligamentous laxity that characterize many of 
these patients remain largely enigmatic [1-4]. 

Among the most common skeletal manifestations are tall 
stature (>95th percentile by age/race/sex), dolichostenomelia 
or long limbs (Fig. 1), arachnodactyly or long fingers, hyper- 
extensible joints, scoliosis and “straight back,” pectus deform- 
ities of the anterior chest wall, congenital contractures (partic- 
ularly of the digits or elbows), and generalized osteopenia. 


Long bones are gracile, with subcutaneous fat and muscle 
atrophy exaggerating the elongated, attenuated morphology. 
Hypotonicity, hypermobility, and subluxations create the po- 
tential for deformity at virtually any joint; patients may have 
premature arthritis. Bone growth may be asymmetric. Arm 
span may equal or exceed height. The ratio of the length of 
the upper body segment (measured from the crown to the 
top of the symphysis) to the length of the lower segment 
(measured from symphysis to floor) is often two standard 
deviations below normal. Such exaggerated limb length or 
dolichostenomelia, however, is nonspecific and nondiagnos- 
tic, although suggestive. Techniques for describing and quan- 
tifying body proportions are imprecise, overlapping both the 
normal spectrum and other causes for growth disturbances. 
Scoliosis exaggerates alterations in both the upper body 
segment:lower segment and arm span:height ratios. 

Skull anomalies, often asymptomatic and therefore rarely 
radiographed, include dolichocephaly, long face with retro- 
gnathia, frontal sinus enlargement (Fig. 2), and high-arched 
or “gothic” palate. 

Spinal anomalies are common and often clinically significant 
(Figs. 3-5). Scoliosis or kyphoscoliosis; Schmorl’s nodes, 
straight back, or flattened thoracic kyphosis; and spondylolis- 
thesis may be seen. Scoliosis, seen in over half of all patients, 
is often a double major or right thoracic curve. Unlike idi- 
opathic scoliosis, it is seen in as many males as females; is 
diagnosed in younger patients; and is more progressive, 
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Fig. 1.—A, 3-year-old girl (also shown in Fig. 
9) with markedly long, gracile arms and legs 
disproportionate to trunk. 

B, Similar habitus, with tall stature, long arms 
and legs, arm span equaling height, and upper 
segment disproportionately short compared with 
lower segment, is seen in this young man. 


Fig. 2.—A, Infant seen in profile shows typical 
frontal bossing and sunken eyes, with mild ret- 
rognathia. 

B, Radiograph shows frontal sinus enlarge- 
ment, which is common but overlaps significantly 
with normal range and is not diagnostic. Like 
many other skull findings in Marfan syndrome, 
this is asymptomatic and therefore is docu- 
mented only infrequently. 





Fig. 3.—A, Radiograph shows scoliosis; double major or right thoracic 
curves are most common. When thoracic scoliosis or straightening com- 
bines with pectus excavatum, cardiopulmonary compromise may occur. 

B, Lateral lumbar radiograph in a 17-year-old women shows decreased 
anteroposterior diameter of vertebral bodies relative to their height and 
mild posterior scalloping (arrows), which can result from dural ectasia. 
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Fig. 4.—Cervical spine, although 
less commonly symptomatic, can show 
same findings as thoracolumbar spine. 

A, Frontal radiograph of 24-year-old 
woman shows scoliosis. 

B, Lateral radiograph shows relative 
decrease in anteroposterior diameter 
of vertebral bodies and anterior sublux- 
ation of C3 on C4 (arrow). 

C, Oblique radiograph shows mod- 
erate diffuse enlargement of neural fo- 
ramina due to dural ectasia. 


A 


Fig. 5.—Dural ectasia is a common feature, with several consequences. 
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A, Myelogram in 20-year-old woman shows pronounced symmetrical anterior outpouchings at upper sacral level (arrows) compatible with marked dural 


ectasia and anterior meningocele. 


B, Transaxial CT scan obtained 5 years later shows marked expansion of central sacral canal, most prominent at S2, with a small ventral cleft extending 
into anterior margin of cystic expansion. Some bony erosion of anterior margin of canal and thinning of posterior elements are seen at S2 and S3 (arrow). 

C, MR image (1.5 T, 1200/20) shows dural ectasia (white arrow) and anterior spondylolisthesis (black arrow) of L5 on S1 in a 42-year-old man. 

D, Sagittal MR image (1.5 T, 2500/20) in a 28-year-old woman (shown in 5A) shows dural ectasia with a marked anterior meningocele at S1-S2. 


severe, and rigid, often requiring surgery. Scoliosis and 
straight back may contribute to cardiopulmonary compro- 
mise. Lost thoracic kyphosis is associated with reduced total 
lung and forced vital capacity and with decreased residual 
volume. 

Dural ectasia produces posterior vertebral body scalloping. 
Sixty-three percent of patients have a widened lumbosacral 
canal, often with thinned pedicles and laminal, or neural 
foraminal erosions. This may be associated with neurologic 
signs, pelvic meningoceles, or arachnoid cysts. The Marfan 
patient’s potential to pool or dilute intrathecal drugs should 
be recognized. It is hypothesized that ectasia reflects the 
action of gravity on weak connective tissues; the presence or 
severity of ectasia does not correlate with phenotypic severity 
in this pleiotropic syndrome. 

The chest (Fig. 6) is classically elongated and hyperinflated. 
Deformity and asymmetry are produced by longitudinal over- 


growth of ribs, and by pectus excavatum and carinatum 
deformities, which may appear in isolation, in combination, or 
sequentially. Rib asymmetry may modify pectus findings. 
Pectus excavatum may combine with straight back to narrow 
the chest’s anteroposterior diameter; cardiopulmonary com- 
promise may indicate the need for pectus repair. 

Arachnodactyly, although not pathognomonic, is one of the 
best known features of Marfan syndrome and can be striking. 
No simple diagnostic criteria are available; the clinical thumb 
and wrist signs (Fig. 7) may overlap the normal spectrum. 
The metacarpal index (Fig. 7) is more quantitative but time- 
consuming; values greater than 8.8 for males and 9.4 for 
females are abnormal. Flexion deformities and clinodactyly 
are common. Advanced bone age is reflected in and docu- 
mented by the hand radiograph. 

The weight-bearing lower extremities may show limb-length 
discrepancies or dislocations at the hip, Knee, or patella. 
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Fig. 6.—Chest wall can be markedly deformed by asymmetric growth of ribs, with various combinations of pectus excavatum, pectus carinatum, and 
straight back. These may be seen simultaneously or sequentially in one patient, as growth modifies chest wall. 

A, Transaxial CT scan through mid chest of a 45-year-old man shows chest wall asymmetry, sternal deformity, and increased anteroposterior diameter. 
Ascending aorta shows mild dilatation. 

B, Boy with pectus carinatum and retrognathia. 

C and D, Lateral chest radiograph in a 12-year-old boy (C) shows marked excavatum of lower sternum, which modifies slightly when he is seen again 
when he is 18 years old (D). 

E, Lateral radiograph in a 44-year-old woman shows combined deformity, with proximal carinatum and milder distal excavatum deformities. 

F, Lateral radiograph in a 16-year-old boy shows carinatum deformity (shown in 6B), reversed thoracic kyphosis, and previous spine and cardiac 
repairs. 

G, Frontal radiograph shows typical Marfanoid habitus in a young adult, with elongated hyperinflated chest. 





Fig. 8.—Anteroposterior radiograph of 32-year-old woman with hip pain 
shows moderate bilateral protrusio, with central migration of both femoral 
heads and bilateral diffuse joint space narrowing. 








A 


Fig. 9.—4-year-old girl with marked multisystem manifestations of Marfan disease. At 3 years old, patient had had her first cardiac valve procedure. At 
4 years old, patient had surgery on lower extremity for multiple anomalies and subluxations. 

A, Clinical photograph of prepped leg shows posterior subluxation of tibia on femur, diffuse soft-tissue atrophy, and exaggerated dorsiflexion and 
valgus of foot. 

B and C, Lateral radiographs of tibia, ankle, and foot show marked diffuse osteoporosis, Park Harris growth arrest lines, posterior subluxation of tibia 
at knee, soft-tissue atrophy, calcaneo planovalgus with abnormal modeling of talus and calcaneus, and abnormal fixed dorsiflexion due to fixed calcaneal 
deformity. 


Acetabular protrusion (Fig. 8) and slipped capital femoral mented in the hand (Figs. 9 and 10) and may show pronation, 
epiphysis have been described, although they are not unique pes planus, calcaneoplanovalgus, club foot or vertical talus, 
to this population. Tibial subluxations, patella alta, or genu or less Clinically significant deformities such as calcaneal spur, 
recurvatum reflects ligamentous laxity at the knee (Fig. 9). hallux valgus, hammer toe, or disproportionately long first 
The foot echoes the arachnodactyly more commonly docu- digit. 





Fig. 7.—Arachnodactyly, although seen in other conditions, is one of most common and best known features in Marfan syndrome. 

A, Long, narrow hand and digits and exaggerated joint mobility of such patients allow maximally opposed thumb to project well beyond ulnar border of 
hand (true “thumb sign,” however, was described for a clenched fist). 

B, “Wrist sign” is described as overlap of fifth and first distal phalanges when wrapped around contralateral wrist. Such signs are subjective and are 
seen along a continuum that overlaps with normal hand. 

C, Metacarpal (MC) index is more quantitative. Length of each of metacarpals two through five is divided by midpoint width of each for individual MC 
index, with four indexes averaged for patient index. This 11-year-old boy has an index of 9.7; normal for males is 8.8 or less. Radiograph shows mild fifth 
digit clinodactyly, marked ulna minus, and abnormal carpal modeling. 

D, Radiograph of left hand (same patient as in C, now 19 years old) indicates skeletal maturity, with progression of distal radioulnar joint deformity. 
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Fig. 10.—A, Radiograph of man 
studied for fifth metatarsal fracture 
shows arachnodactyly of foot. 

B, Lateral radiograph in an 18-year- 
old man shows characteristic planus 
foot with flat longitudinal arch. 

C, Frontal radiograph of same foot 
as in B, shows abduction and lateral 
subluxation of distal midfoot on tarsal 
navicular. Unusual navicular-midfoot 
relationship is bilaterally symmetrical 
and presumably reflects marked liga- 
mentous laxity. 
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Coronal Radiographs and 
Videofluoroscopy Improve the 
Diagnostic Quality of 
Temporomandibular Joint 
Arthrography 





Detection of mediolateral displacement of the temporomandibular joint (TMJ) menis- 
cus and evaluation of the reducibility of this displacement are necessary because 
surgery is indicated when the displacement is irreducible. During TMJ arthrography, the 
routine sagittal study does not allow detection of this type of meniscal displacement. in 
a prospective study of 158 TMJ arthrograms in 83 patients, coronal radiographs were 
obtained and videofluoroscopy was performed (in addition to routine sagittal films and 
fluoroscopy) to detect mediolateral shift of the meniscus and to evaluate the reducibility 
of this displacement. Both upper and lower joint spaces were opacified. Coronal and 
lateral radiographs were obtained with the mouth open and closed. On coronal images, 
in 79 cases (50%) the meniscus was shifted medially, in 22 cases (14%) laterally, and 
in 57 cases (36%) it was in the normal position. In 90 (89%) of the 101 abnormal cases, 
anterior displacement was associated with a mediolateral shift. In 59 cases (58%), the 
mediolateral shift was irreducible. Coronal and tateral views and fluoroscopy were 
reviewed separately by two observers, whose conclusions were identical for all cases. 

In 32 (54%) of the 59 joints with irreducible mediolateral displacement, surgery was 
performed. For all of these, comparison of radiologic data with surgical findings indicated 
that coronal views and videofluoroscopy were diagnostic, whereas mediolateral dis- 
placements were not detectable on routine sagittal studies. 
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In temporomandibular joint (TMJ) syndrome, the position of the meniscus must 
be shown, and the diagnostic accuracy of TMJ arthrography for this purpose is 
well known [1-6]. Routinely, sagittal radiographs are obtained and fluoroscopy is 
performed; these techniques are good for visualizing anterior displacements of the 
meniscus. As decisions on clinical management depend on the mediolateral position 
of the meniscus, the meniscus must be shown in the coronal plane. We studied 
the value of coronal radiographs in detecting mediolateral displacement of the 
meniscus. Coronal videofluoroscopy was used to depict whether or not mediolateral 
displacement was reducible when the mouth was open and to detect recurrence 
of the displacement when the mouth was closed. Our purpose was to determine 
whether coronal radiographs and videofluoroscopy improve the diagnostic accuracy 
of TMJ arthrography when combined with routine sagittal studies. 


Subjects and Methods 


From July 1988 to November 1989, we obtained 158 TMJ arthrograms in 83 patients. 
There were 21 men and 62 women, 19-69 years old (mean, 37 years). The arthrograms 
were bilateral in 75 patients and unilateral in eight patients. The technique used has been 
described in detail by Katzberg et al. [1]. Both lower and upper joint spaces were opacified 
in 151 cases; seven cases showed synchronous opacification of both compartments after 
the lower joint space was punctured (meniscal perforation, six cases; iatrogenic injection, 
one case). Sagittal radiographs were made with the mouth open and closed. Then the TMJ 
was studied in the coronal plane. The patient's head was tilted slightly toward the side to be 
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Fig. 1.—Coronal arthrogram of normal right 
temporomandibular joint shows meniscus (ar- 
rows) centered on articulating surface of condyle 
head (arrowheads). 


studied with the neck in flexion. Coronal videofluoroscopy was per- 
formed and coronal radiographs were made with the mouth open and 
closed. 

All arthrograms were obtained by the same radiologist and were 
then reviewed separately by two of us. Immediately after the proce- 
dure, one reviewer evaluated the sagittal and coronal radiographs 
and videofluoroscopy. The other reviewed the films and videofluoros- 
copy later. The coronal images were analyzed for the degree of 
visualization and the position of the meniscus. The videofluoroscopic 
tapes were studied to assess the reducibility of the mediolateral 
displacement when the mouth was open and to detect clicks and 
recurrence of the displacement when the mouth was closed. A click 
was recognized, when the mouth was open, by sudden movement 
of the medially or laterally displaced meniscus to a normal position. 
Recurrence of the mediolateral displacement consisted in shift in the 
same direction when the mouth was closed. 

The meniscus was considered normal on coronal images if it was 
centrally positioned over the condyle of the mandible (Fig. 1). Medial 
or lateral shifts were isolated or combined with anterior displacement 
(Figs. 2 and 3). 


Results 


Among the 158 arthrograms studied, the sagittal views 
depicted 68 irreducible and 70 reducible anterior meniscal 
displacements. In 15 cases, the meniscus was normally 
placed, and in five cases it was not visible in the sagittal 
plane. Coronal views showed 79 medially (50%) and 22 
laterally (14%) displaced menisci. Seventy (44%) arthrograms 
depicted a rotational anteromedial displacement, and 20 
(13%) showed a rotational anterolateral displacement. A pure 
sideways displacement was observed in six cases (medial, 
five cases [3%]; lateral, one case [1%]). In the five cases (3%) 
in which the meniscus was not visible on sagittal films, coronal 
views depicted four medial displacements and one lateral 
displacement. In 57 cases (36%), placement of the meniscus 
was normal; among these, findings on seven sagittal arthro- 
grams were normal also. 

In the coronal plane, the videofluoroscopic study depicted 
reduction of medial or lateral displacements in 32 (41%) of 79 





Fig. 2.—Medial disk displacement of right 
temporomandibular joint. Coronal arthrogram 
shows medial dislocation of meniscus (arrows) 
with respect to condyle head (asterisks). 
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Fig. 3.—Coronal arthrogram of left temporo- 
mandibular joint shows lateral displacement of 
meniscus (arrowheads) with respect to condyle 
head (asterisks). 


cases and 10 (45%) of 22 cases, respectively. Among these 
42 cases, the sagittal videofluoroscopic study revealed 39 
reducible anterior displacements and three normally placed 
menisci. A sudden reduction of the mediolateral displacement, 
with a perceptible click, was identified in 17 (41%) of these 
cases; for the other cases, the reduction in the coronal plane 
was fairly smooth. In 59 cases, no reduction of the mediola- 
teral shift was noted fluoroscopically; among these, 44 (76%) 
had an associated irreducible anterior meniscal displacement, 
and six (10%) had a reducible displacement. The mediolateral 
shift was in all cases more severe when the anterior disloca- 
tion was irreducible in the sagittal plane. 

In all cases but five, the reducible mediolateral shift recurred 
when the mouth was closed; furthermore, the shift always 
recurred in the same direction. We never observed a change 
from a medial to a lateral shift during the examinations. In five 
cases, we noted a complete disappearance of the mediola- 
teral shift during the study. 

In all cases, both reviewers scored identically the degree of 
visualization of the meniscus in the coronal plane and the 
diagnosis of mediolateral displacement of the meniscus. The 
study of the videofluoroscopic tapes showed total agreement 
between reviewers also. 

In 32 joints (64%) with irreducible mediolateral displace- 
ment, surgery was performed between 2 days and 3 weeks 
after arthrography, and the arthrographic diagnosis was con- 
firmed in all cases. 


Discussion 


Recent trends in treatment of TMJ internal derangements 
have necessitated accurate detection of meniscal shifts. 
Treatment varies according to the type of mediolateral dis- 
placement. When the meniscus is shifted medially or laterally 
and the displacement is reducible, treatment is usually con- 
servative. In cases with irreducible mediolateral displacement, 
surgery is necessary. When lateral meniscal displacements 
are associated with a marked distension or a tear of the 
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central zone of the disk (noted preoperatively in 13 cases of 
lateral meniscal shift), surgical treatment consists in a recon- 
structive arthroplasty, or a meniscectomy. These manage- 
ment decisions are preferred at our institution and may not 
reflect the experience of other groups. 

The value of TMJ arthrography in detecting anterior men- 
iscal displacement is well known [1-6]. However, sagittal 
radiographs and videofluoroscopy cannot detect mediolateral 
displacement of the meniscus; thus, the opacified joint must 
be examined in the coronal plane. Coronal radiographs are 
easily obtained and provide the best view of the exact medi- 
olateral position of the disk. Both joint compartments must 
be opacified for direct visualization of the meniscus. When 
the lower joint space is selectively opacified, results of coronal 
views are unsatisfactory [7]. 

Mediolateral meniscal displacements are diagnosed fairly 
often in our population of patients (64%), compared with 
recently published data showing 26% of mediolateral shifts 
diagnosed with coronal MR images [7]. Part of the reason for 
this difference could be that the MR studies were performed 
in the exact coronal plane, which is not a strict coronal view 
of the TMJ. 

Coronal videofluoroscopy is useful for detecting reducibility 
of mediolateral displacement when the mouth is open, which 
is important for planning treatment; reducible mediolateral 
displacement was noted in 42 cases (41%). In all cases but 
five, these reducible mediolateral displacements recurred in 
the same direction when the mouth was closed. In the five 
other cases, the meniscus definitively resumed a normal 
position during the procedure. 

Surgery was considered the gold standard in assessing the 
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mediolateral position of the meniscus. Among the 32 irreduc- 
ible mediolateral displacements treated surgically, comparison 
of radiologic data with surgical findings indicated that coronal 
views and videofluoroscopy were diagnostic. 

We recommend the use of coronal radiographs and video- 
fluoroscopy, in addition to the routine sagittal study, to im- 
prove the diagnostic accuracy of TMJ arthrography. Actually, 
as routine sagittal studies do not detect mediolateral shifts of 
the meniscus, coronal views are essential. Visualization of 
mediolateral meniscal displacements is very important for 
Clinical decision making, because irreducible mediolateral dis- 
locations require surgical treatment. 
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Book Review 





Cerebral Computed Tomography. A Text-Atlas, 3rd ed. By Leon Weisberg and Charles Nice. Philadelphia: 


Saunders, 480 pp., 1989. $60 


This is a welcome update of a textbook devoted to CT scanning. 
The authors have created a text that is intended to serve as an 
introduction to brain and orbital CT for neurologists, neurosurgeons, 
internists, pediatricians, radiologists, and other physicians who order 
head CT studies. Part | is composed of the first three chapters: 
“Introduction,” “Performance of CT Scanning,” and “Normal Cranial 
and Orbital CT Scanning Anatomy.” These are too brief and superficial 
to be useful to the practicing radiologist or trainee. The discussion of 
scanning techniques may be useful for a clinician who rarely orders 
CT scanning and has little familiarity with its technical aspects. A 
clinician who desires and any radiologist who needs a detailed review 
of scanning techniques should look elsewhere. 

Part Il consists of 20 chapters that provide a comprehensive 
introduction to the application of CT scanning to the diagnosis of 
intracranial disease. The presentation is mixed. In some chapters, 
the classification is by specific disease entities (e.g., meningiomas, 
gliomas, aneurysmal subarachnoid hemorrhage, cerebrovascular mal- 
formations) or broader disease groups (e.g., metastatic disease, 
infectious or inflammatory conditions). In others, the discussion is 
organized by pattern of presentation (e.g., intracerebral hemorrhage, 
increased intracranial pressure, head injury, neurobehavioral syn- 
dromes), anatomic location (e.g., juxtasellar region abnormalities, 
visual disorders and orbital CT scanning), patients’ complaints (e.g., 
dizziness and hearing impairment, head and face pain), radiologic 
findings (e.g., intracranial calcification and bone abnormalities), or age 
(e.g., pediatric conditions). Chapters on gait and movement disorders, 
including white-matter disorders and seizure disorders, and electro- 
encephalographic patterns are included also. Although at first this 
may seem confusing, it permits the authors to address CT scanning 
within the context in which the study most often is performed. 

A degree of redundancy is to be expected with this approach. For 
example, meningiomas are discussed in the sections on extraaxial 
lesions, tentorial lesions, intraventricular lesions, posterior fossa le- 
sions, juxtasellar abnormalities, and neurobehavioral syndromes. The 
reader cannot begin with a diagnosis and expect to find a complete 


discussion of the disease in one location in this text. This drawback 
may be a virtue in the clinical situation in which it is common to be 
confronted by a clinical syndrome or radiologic finding before the 
diagnosis is known. Thus, a radiology resident or a busy practicing 
radiologist with a specific question could find the desired information 
quickly without wading through an extended discussion of less im- 
portant issues. 

The quality of the illustrations is quite good in most cases and 
always adequate to display the findings. The brief clinical reviews in 
the discussion of each topic are far too cursory for clinicians or 
neuroradiologists but may be useful for radiology trainees or practic- 
ing radiologists who rarely interpret neurologic CT scans. 

The book has a few significant deficiencies. The discussion of 
AIDS is inappropriately brief given the prevalence of the disease and 
the frequency with which CNS symptoms develop in AIDS patients. 
Extended discussions are included of techniques that are now of only 
historic interest. For example, a good deal of space is devoted to 
plain films, pluridirectional tomography, and angiography in the diag- 
nosis of juxtasellar lesions. In the days of quality CT and MR imaging, 
the reader may be left with the impression that these antiquated 
techniques still have a role in neurologic imaging. As only one chapter 
is devoted to orbital imaging, this text obviously will not serve as a 
primary reference for ocular or orbital lesions. 

This text is most suitable for a radiology resident or beginning 
neuroradiology fellow seeking a book that can be read cover to cover 
in a reasonable time. Residents in neurology or neurosurgery may 
find that this is an ideal reference; the discussions are concise, and 
no space is wasted on radiologic curiosities. Practicing radiologists, 
neurologists, and neurosurgeons will appreciate the convenience of 
this handy text, but they will find that more comprehensive sources 
must be consulted frequently. 
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Metastases from Malignant 
Melanoma to the Axial Skeleton: A 
CT Study of Frequency and Appearance 





Radiologic detection of bone lesions from malignant melanoma is reported to be 
uncommon or infrequent. To ascertain the characteristics and frequency of detection of 
melanoma metastases to the axial skeleton by CT, we retrospectively reviewed 464 
body CT studies of 125 consecutive melanoma patients for presence, appearance, and 
site of skeletal metastases. Results were correlated with patient’s age, sex, clinical 
course, and both the Clark and Breslow classifications of the primary lesion. Of 98 
patients with metastatic disease evident on their CT studies, 17 (17%) had bony 
metastases; two (12%) of these 17 patients had skeletal lesions as the only CT evidence 
of metastatic disease. Metastatic bony lesions were predominantly osteolytic, slightly 
expansile, and commonly located in the spine. Associated soft-tissue masses were 
frequent, but periosteal reaction and identifiable tumor matrix were not seen. Skeletal 
metastases were found only in those patients with thick or intermediate primary mela- 
noma. (Breslow) classified as Clark level Ill or greater, and the CT demonstration of 
osseous metastases was a poor prognostic sign. 

The data suggest that CT detection of skeletal melanoma metastases is not uncom- 
mon. When CT is performed to evaluate for metastatic melanoma, the axial skeleton 
should be carefully examined, especially in those patients with more advanced primary 
lesions. 
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Plain film detection of bony lesions from primary melanoma has been reported 
to be uncommon or infrequent [1, 2]. However, skeletal metastases from malignant 
melanoma are found during autopsy in 23-49% of patients who die of the disease 
[3, 4]. In many patients with melanoma, CT is used to stage the primary lesion and 
to monitor therapeutic response, yet the CT appearance of osseous melanoma 
metastases has not been well described. In order to determine the frequency of 
CT detection of metastases to the axial skeleton and their CT appearance, we 
reviewed CT studies performed on 125 consecutive patients with known melanoma. 
We wished to determine whether the frequency of CT detection of axial skeletal 
metastases was greater than that reported for plain film radiology. Further, we 
wished to determine if the thickness and depth of penetration of the primary 
melanoma (according to the Breslow and Clark classifications) can be used to 
predict the occurrence of skeletal metastases. 


Materials and Methods 


We reviewed 464 body CT studies performed during a 4-year period on 125 patients at 
risk for metastases from malignant melanoma. There were 74 men and 51 women with an 
average age of 52 years (range, 25-76 years). All patients had a histologic diagnosis of 
primary malignant melanoma, with the primary lesion identified on the trunk (43 patients), 
head/neck (23 patients), upper extremity (19 patients), and lower extremity (28 patients). The 
anatomic site of origin of the primary tumor was unknown for 12 patients. 
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CT studies were performed either to assist in clinical staging of 
the primary melanoma or to evaluate known metastatic disease for 
response to therapy. The anatomic regions studied included the 
abdomen (41%), chest (27%), pelvis (25%), and neck (7%). All CT 
studies were performed on a GE 8800 or 9800 (General Electric 
Medical Systems, Milwaukee, WI). Five-millimeter axial collimated 
images were obtained through the neck at 5-mm intervals. Axial 
scans with 1-cm collimation were obtained through the chest, abdo- 
men, and pelvis with either 1.0-, 1.5-, or 2.0-cm spacing. In the neck 
and chest, a 150- to 180-ml bolus of IV contrast material was 
administered during imaging; IV contrast material was administered 
in a similar fashion for imaging of the abdomen and pelvis. Standard 
lung, liver, mediastinal, and abdominal window and level settings 
were used for photography. Bone windows (W = 2000 H) were 
obtained if requested by the physician monitoring the examination 
and were performed for 23 studies (5%). 

All studies were reviewed by three radiologists experienced in 
body CT for the presence or absence of skeletal metastases. Criteria 
for skeletal metastases on CT included a focal bony lesion or a region 
of bony permeative infiltration. Sites of bony lesions were recorded 
along with the presence or absence of any associated soft-tissue 
mass or adjacent reactive bone. Pathologic verification of osseous 
metastases was available in six patients, either from biopsy or 
autopsy. In 11 additional patients, bony metastases were verified by 
follow-up CT that showed growth in size or number of bony lesions 
over time. Skeletal lesions in six other patients were benign on 
histology or follow-up examination and were excluded from the study. 

Correlative bone imaging studies had been performed infrequently 
in our population of patients. In those patients with documented 
metastases, bone scintigraphy was performed in only four. Plain film 
correlation was provided in only eight patients. 

Description of the Clark level (the vertical extent of the lesion as 
measured histologically) was available in 92 of the original 125 
patients; the distribution of lesion depth was level | in three patients, 
level Il in six patients, level Ill in 15 patients, level IV in 44 patients 
and level V in 24 patients. Results of the Breslow classification of 
tumor thickness (the depth of tumor invasion from the skin surface) 
were available for 81 of the 125 patients; 14 patients had thin lesions 
(<0.75 mm), 31 patients had intermediate lesions (0.76-3.99 mm), 
and 36 patients had thick lesions (>4 mm). 

Patients with CT evidence of skeletal metastases had an average 
interval of 3.5 years from initial diagnosis of melanoma to the diag- 
nosis of bone metastases (range, 15 months-6 years), and a mean 
survival of 4 months after bone metastases were diagnosed (range, 
1-18 months). 
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Results 

Ninety-eight (78%) of the 125 patients had CT evidence of 
metastatic melanoma. Of these, 17 (17%) had skeletal metas- 
tases shown on CT. One patient had diffuse infiltrative involve- 
ment of the spine. The other 16 patients had 50 separate 
sites of involvement of the axial skeleton, with the majority of 
the lesions identified in the spine (27), and the rest seen in 
the pelvis (11), ribs (10), sternum (one), and scapula (one). 
The CT appearances were nonspecific and paralleled the plain 
film findings, which have been reported before [5-8] (Figs. 1 
and 2). The lesions were osteolytic in all but one patient and 
slightly expansile in five patients. Osteolysis was geographic 
at 32 sites, moth-eaten or permeative at nine sites, and mixed 
at eight sites. Significant periosteal reaction was absent. In 
one patient, a solitary, irregularly marginated, blastic vertebral 
body metastasis was identified (Fig. 3). Associated soft-tissue 
mass was seen in nine patients (Fig. 4). In three patients with 
osteolytic vertebral body lesions and pathologic compression 
fractures, soft-tissue mass compromised the spinal canal (Fig. 
5). In five additional patients, the soft-tissue mass appeared 
to be the primary lesion, with bone involvement caused by 
invasion or erosion (Fig. 6). 

In most cases of bony metastases, CT evidence of wide- 
spread metastatic disease was present elsewhere in the body. 
However, in two (12%) of the 17 patients, skeletal metastases 
were the only CT evidence of metastatic disease. In addition 
to CT, both of these patients were studied with bone scintig- 
raphy. In one of these cases, findings on the bone scan were 
normal despite biopsy-proved melanoma metastasis to the 
spine. All bony metastases were found in patients with a thick 
or intermediate primary tumor (Breslow) classified as Clark 
level Ill or deeper. No age or sex predominance was seen for 
patients with metastatic bone involvement. 


Discussion 


Malignant melanoma accounts for approximately 1% of 
cancer and the prevalence of the disease is reported to be 
increasing [9, 10]. Melanoma is an unpredictable tumor with 
a tendency to metastasize widely by direct extension or by 
lymphatic or hematogenous spread [11]. Prognosis is most 
dependent on the location and depth of the primary tumor 


Fig. 1.—CT scan of sternal metastasis from 
melanoma shows mixed osteolytic destruction 
of sternum with associated soft-tissue mass (ar- 
rows). Diagnosis was proved by biopsy. 


Fig. 2.—CT scan of melanoma metastases to 
L2 vertebral body shows discrete “punched out” 
osteolytic lesions (arrows), which increased in 
size and number on follow-up studies. Abdomi- 
nal CT was performed to evaluate response of 
patient to gamma interferon therapy. Osseous 
metastases were Clinically unsuspected. 
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Fig. 3.—Axial CT scan of upper abdomen shows 
melanoma metastasis to T11 vertebral body. Note 
irregularly marginated blastic lesion (arrows). Di- 


agnosis was confirmed at autopsy. by biopsy. 


Fig. 5.—CT scan of metastatic melanoma to 
T10 vertebral body shows expansile osteolytic 
destruction and compression fracture. Left ped- 
icle is destroyed, and thecal sac filled with con- 
trast material is mildly effaced by associated 
soft-tissue mass (arrows). 


Fig. 6.—CT scan of melanoma of vulva ex- 
tending into right superior pubic ramus shows 
invasion and destruction of pubis (arrowheads) 
by a large contiguous pelvic soft-tissue mass 
(M). Follow-up CT studies showed subsequent 
growth of mass and additional bone destruction. 
Autopsy was refused. 


(Clark and Breslow classifications), but depends also on the 
presence and extent of metastatic disease [12-15]. Because 
CT facilitates the simultaneous examination of multiple sites 
at risk for metastatic disease [9] and may allow earlier detec- 
tion of metastatic lesions, CT is being used with increasing 
frequency to assist in clinical staging of melanoma and to 
monitor response of patients to therapy [16, 17]. Widespread 
use of body CT in melanoma patients could theoretically 
improve the detection of clinically silent metastases. 

Despite autopsy studies showing melanoma metastases to 
bone in 23-49% of patients who died from malignant mela- 
noma [3, 4], the radiologic detection of osseous melanoma 
lesions has been described as infrequent or uncommon 
[1, 2]. Two large series of 1677 and 1870 melanoma patients 
documented bony metastases by radiologic or scintigraphic 
survey in only 7% and 8% of patients, respectively [5, 6]. The 
reason for the discrepancy between autopsy figures and 
radiologic detection of osseous metastases is the relative 
insensitivity of both plain film radiology and scintigraphy for 
detecting intramedullary lesions [18, 19]. Osseous metas- 
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Fig. 4.—A and B, CT scans at soft-tissue window settings (A, W = 500, L = 50) and bone window 
settings (B, W = 2000, L = 200) of melanoma metastasis to vertebral body show an osteolytic lesion 
(black arrows) in body of L2 with associated soft-tissue mass (white arrows). Diagnosis was proved 
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tases may remain invisible on plain films until cortical destruc- 
tion has occurred, and scintigraphy may miss those lesions 
that are growing either too aggressively or too slowly to incite 
significant reactive bone formation. Additional reasons for this 
discrepancy include the infrequent use of routine skeletal 
surveys for melanoma patients and the reluctance to perform 
aggressive radiologic investigation in the moribund patient 
with evidence of metastatic disease elsewhere 

The increased use of body CT in our institution to stage 
tumors and monitor patients with malignant melanoma led to 
an increased recognition of skeletal metastases. Although a 
selection bias is present in our study that favors patients with 
more aggressive or advanced primary tumors, 14% of all 
melanoma patients studied and 17% of patients with CT 
evidence of metastatic disease had metastatic lesions in the 
axial skeleton. This prevalence is higher than those reported 
in most studies of skeletal melanoma metastases based on 
plain films alone and more closely approximates autopsy 
statistics. Additionally, the true prevalence of skeletal mela- 
noma metastases detectable by CT is certainly underesti- 
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mated in our study. As our retrospective review was limited 
to body CT studies of the neck, chest, abdomen, and pelvis, 
lesions in the peripheral skeleton and skull were not detected. 
Each patients’ scans were reviewed from film, rather than 
from tape at the imaging console, where manipulation of 
window and level settings might have led to recognition of 
additional foci of bone destruction. As bone windows were 
not routinely used in filming and were available in only 5% of 
studies, subtle lesions may have been missed on review of 
images photographed at abdominal window and level set- 
tings. Finally, as contiguous slices were not performed in ail 
instances, small bony lesions may have been missed in the 
skipped intervals. 

Other authors have reported a higher frequency of CT 
detection of metastatic disease in melanoma patients with 
more advanced primary lesions [9]. This observation appears 
equally valid for skeletal melanoma metastases, because 
none of the patients with thin (<0.75 mm) primary lesions or 
tumor classified as Clark level | or il had bony lesions. All of 
the patients with skeletal melanoma metastases had a thick 
or intermediate primary tumor (Breslow) classified as Clark 
level [il or greater, and almost all of these patients (88%) had 
CT evidence of metastatic disease elsewhere. Whereas the 
CT diagnosis of osseous metastases may seem a trivial 
exercise in a patient with advanced disease, such information 
may nevertheless be important for patients’ therapy and 
tumor staging, and this warrants careful inspection of CT 
images of the axial skeleton. Even in those patients with 
documented metastases elsewhere, the identification of ad- 
ditional sites of metastasis may assist in the planning of 
radiation portals [11, 20]; failure to recognize skeletal metas- 
tases in the two patients with bone lesions as the sole CT 
evidence for metastatic disease may have led to improper 
staging of the malignant tumor. In addition, recognition of 
bony metastases with CT may have prognostic significance. 
Published reports have suggested that the appearance of 
bony melanoma metastases is a preterminal event, with mean 
survival ranging from only 3.5 to 4.7 months [6, 8]. Although 
one might assume that earlier detection of bony lesions with 
CT would increase mean survival time, mean survival after 
the CT diagnosis of bony metastases in the current series 
was only 4 months. 

The CT appearances of osseous metastases from mela- 
noma were nonspecific and paralleled the changes seen on 
plain films, which have been previously described [5-8]. The 
lesions were preponderantly osteolytic, slightly expansile, and 
occasionally associated with soft-tissue masses. Periosteal 
reaction and identifiable tumor matrix were not seen. A scle- 
rotic or blastic metastasis to the spine was identified in one 
patient, a rare feature of osseous melanoma [3, 8]. 

Unfortunately, our study is limited by the lack of scinti- 
graphic and plain film correlation of the osseous findings 
identified on CT. It would have been interesting to compare 
directly the detection rates of bony metastases for CT, scin- 
tigraphy, and plain film. However, skeletal surveys were not 
routinely ordered in our population of patients and piain film 
correlation of discrete bony abnormalities on CT was infre- 
quently performed. Bone scans were completed on only four 
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of 17 patients with confirmed bony metastases. In one of 
these four cases, bone scan findings were normal despite a 
large osteolytic lesion in the spine. 

In conclusion, we suggest that skeletal metastases may be 
recognized on standard body CT examinations in patients. at 
risk for metastatic melanoma. Furthermore, with CT we found 
a higher frequency of detection of skeletal metastases to the 
axial skeleton than is classically reported with plain films. The 
features and characteristics of skeletal melanoma metastases 
are nonspecific on CT, and osseous melanoma metastases 
probably cannot be distinguished from other osteolytic me- 
tastases on the basis of imaging criteria alone. Although most 
melanoma patients with skeletal lesions have other CT evi- 
dence of metastases, occasionally osseous metastases may 
be the only indication of metastatic disease. When CT is 
performed to evaluate for metastatic melanoma, the axial 
skeleton should be carefully examined, especially in those 
patients with more advanced primary lesions. 
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Parosteal Osteogenic Sarcoma 
Arising in Cranial Bones: Clinical and 
Radiologic Features in Eight Patients 


Parosteal osteogenic sarcoma is a distinct surface bone tumor with a better prognosis 
than conventional osteogenic sarcoma. We studied eight histologically proved cases of 
cranial parosteal osteogenic sarcoma. The tumors were identical in histologic appear- 
ance to parosteal osteosarcoma arising in long bones. Clinically, the tumor presented 
as a hard, painless, nodular scalp mass. The prevalence in women outnumbered that in 
men by 3:1, with most cases occurring between the second and third decades of life. 
Plain radiographs showed a rounded, sessile bone growth of variable size arising from 
the outer table of the skull. The tumor was heavily ossified centrally with variable 
margins and, at times, with radiating bony spicules at the periphery. No satellite bone 
nodules were noted in adjacent soft tissues. In three cases a fine radiolucent cleft was 
demonstrated between the tumor and the underlying outer table on the tangential 
radiographs or CT. After en bloc resection of the tumor, follow-ups for 20 years in one 
patient and 1 year in two patients showed no recurrence. 

Parosteal osteosarcoma of the skull is a rare low-grade tumor that usually arises from 
the outer table of the skull and has distinctive radiologic features that should distinguish 
it from other exophytic cranial bone neoplasms. 
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Parosteal osteogenic sarcoma (POS) is a surface bone tumor that usually involves 
long bones, especially the distal femur [1-4]. Occasionally the tumor arises in the 
facial bones, mostly the jaw [5, 6]. The bones of the calvaria are affected rarely. In 
this report we present the clinical and radiologic features in eight cases of cranial 
POS. The tumor has characteristic radiologic features that distinguish it from other 
cranial bone tumors. 


Materials and Methods 


The eight cases of cranial POS included in this retrospective study were collected from the 
medical records of the University of Texas Medical Branch, Galveston; the Armed Forces 
Institute of Pathology, Washington, DC; and the University of Texas M. D. Anderson Hospital 
and Tumor Institute, Houston; or were seen in consultation by one of the authors. Conven- 
tional radiographs in all patients, CT scans in two patients, and an intracranial angiogram in 
one patient were studied by four radiologists. All tumors had been surgically resected and 
confirmed as POS according to the commonly accepted histopathologic criteria by the 
pathologists either at the Armed Forces Institute of Pathology or M.D. Anderson Hospital. 


Results 


The group of eight patients with POS comprised six females and two males with 
a mean age of 19 years (range, 12-27). In all patients the tumor grew in an 
exophytic fashion; in six the tumor arose in the bones of the cranial vault and in 
two, the mastoid region. Of the tumors arising in the cranial vault, two arose in the 
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frontoparietal region, one in the temporoparietal, two in the 
parietal, and one in the occipital. One of the tumors arising in 
the frontoparietal region had both intracranial and extracranial 
components. 


Presenting Symptoms 


At the time of presentation, symptoms had existed for an 
average of 9 months (range, 1 month to 10 years). A localized 
scalp mass was the most common presenting concern, noted 
in all eight patients. In three patients the mass was associated 
with mild, intermittent pain and tenderness. The scalp mass 
was smooth on palpation, and the overlying skin was 
stretched but not adherent to the mass. The mass was firm 
to hard in consistency, fixed to the skull, and varied in 
diameter from 3 to 16 cm. 

The two patients with mastoid parosteal osteosarcomas 
had antecedent trauma to this region. One of these patients 
also experienced discharge from the adjacent ear due to 
chronic otitis media, resulting from partial occlusion of the 
adjacent external auditory canal by the tumor. The patient 
who had the left frontoparietal POS with both intracranial and 
extracranial components presented with right hemiparesis 
and decreased visual acuity in the left eye. 


Radiologic Findings 


Radiographs of the skull identified the tumor in all eight 
patients. In five, a rounded, sessile exophytic bony growth 
was noted arising from the outer table of the cranial vault; 
this was seen best on tangential views (Fig. 1). The tumors 
were maximally hyperostotic at their bases and less so at the 
periphery. Three lesions had poorly defined margins and two 
were well circumscribed. The underlying outer table was 
unaffected in three patients, whereas in two patients it exhib- 
ited reactive sclerosis. In three patients the radiographs re- 
vealed a fine radiolucent cleft between the surface tumor and 
the outer table of the skull; this was best appreciated on 
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tangential views (Fig. 1B). In two additional patients, tumors 
arose in the mastoid. Both tumors demonstrated poorly de- 
fined borders with radiating bony spicules that blended im- 
perceptibly with the surrounding soft tissues (Fig. 2A). 

The eighth patient had a POS in the left frontoparietal 
region. This large surface tumor seemingly arose from the 
outer table but had broken through the inner table and ex- 
tended intracranially. In none of the eight cases were any 
satellite bony nodules noted in surrounding soft tissues. 

Cranial CT scans were available in two patients and con- 
firmed the findings on plain radiographs. CT clearly delineated 
the cleft between the surface tumor and the underlying outer 
table, and also showed reactive sclerosis in the underlying 
bone (Figs. 2 and 3). CT revealed to greater advantage the 
peripheral radiating bony trabeculae in the mastoid tumor in 
one patient (Fig. 2B). No satellite bony nodules were noted in 
the adjacent soft tissues on CT in any patient. 

Intracranial angiography in the patient with a large left 
frontoparietal scalp mass revealed a hypovascular intracranial 
mass consistent with a low-grade tumor that had compressed 
adjacent brain tissue. 

Follow-ups after en bloc surgical resection of the tumor 
were available in three patients: two for 1 year and a third for 
20 years. In none of these patients was there either clinical 
or radiologic evidence of tumor recurrence. 


Discussion 


POS is a rare primary neoplasm of bone that is believed to 
arise in the periosteum [1, 2]. It is one of several surface bone 
tumors, including periosteal osteosarcoma, dedifferentiated 
(high-grade) POS, periosteal chondroma, and sessile osteo- 
chondroma [8, 4]. 

The first large series of POS was described by Geschickter 
and Copeland [1]. This tumor is the most common surface 
osteosarcoma of bone, constituting approximately 4% of all 
primary osteogenic sarcomas and 1% of all primary malignant 
bone tumors [2-4]. POS is a slow-growing tumor with low 
potential for malignancy. Most often it occurs in the meta- 
physeal end of a long bone; more than two-thirds arise in the 


Fig. 1.—Cranial parosteal osteosarcoma in a 
15-year-old girl. 

A, Lateral radiograph of skull shows poorly 
defined rounded area of increased sclerosis in 
posterior parietal region. 

B, Tangential view of skull reveals that lesion 
is an osteogenic sessile surface bone tumor. 
Note heavily mineralized central portion of tumor 
and poorly defined peripheral margins. Lucent 
cleft (arrows) is present between tumor and un- 
derlying bone. 
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Fig. 2.—Cranial parosteal osteosarcoma in a 27-year-old man. 
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A, Radiograph of left mastoid region shows osteogenic tumor with poorly defined margins. Note radiating laminar bony trabeculae. 
B, Cranial CT scan shows that tumor has a sessile base. Reactive sclerosis is seen in underlying bone. Note radiating osseous strands within tumor, 


which has irregular peripheral margins. 


C, Section of gross specimen. Note lobulated surface of tumor. A “pseudocapsule” surrounds tumor. (Scale intervals are in centimeters.) 


Fig. 3.—Cranial parosteal osteosarcoma in a 
15-year-old girl. 

A, Towne view of skull shows well-circum- 
scribed area of increased radiodensity in right 
parietal region. 

B, CT scan reveals heavily mineralized, osteo- 
genic sessile surface tumor. 


La 
A 


distal femur. Craniofacial POS is rare and mostly involves the 
jaw bones [5, 6]. Extragnathic primary POS arising in the 
bones of the skull is extremely rare. Marks et al. [7] reported 
a case of secondary POS arising in the right orbit, involving 
the adjacent maxilla and zygomatic arch. This tumor arose at 
a site of previous trauma and irradiation. The causal role of 
antecedent trauma is controversial [7]. Although two of our 
patients had a history of prior trauma at the site of subsequent 
tumor growth, it is conceivable that the traumatic episodes 
merely heightened their awareness of the retroaural scalp 
mass. To the best of our knowledge, de novo primary POS 
involving the cranial bones has not been reported previously; 
however, isolated cases are mentioned in the literature [8]. 
Similar to the age prevalence found in conventional osteo- 
sarcoma of long bones, most cranial parosteal osteosarcomas 
occur in the second and third decades of life. This is one 
decade earlier than POS arising in long bones, where it 
typically presents in the third and fourth decades [1-4, 






8-11]. In our series, the youngest patient was 12 years old 
and the oldest 27, with a mean age of 19 years. Marks et al. 
[7] described a radiation-induced secondary POS of the right 
orbit in a 59-year-old woman. The prevalence of younger 
patients with cranial POS probably is due to the comparatively 
easy detection of most “bumps” on the head, prompting the 
patient to seek early medical attention. In contrast, POS 
arising in a long bone tends to be of longer standing when 
discovered, by which time it is occasionally so large as to 
completely encircle the affected bone [2, 10, 11]. Infrequently, 
a cranial POS may have been present for a long time also, as 
noted in two of our patients who sought medical attention 10 
years after the initial appearance of skull tumors. Women are 
affected with POS more frequently than men [1-4, 9-11]. 
Our cases comprised six women and two men. 

The majority of patients with cranial POS present with a 
localized, painless, slow-growing mass arising from the outer 
table of the skull. Associated local pain, if present, is usually 
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mild. The symptomatology otherwise depends on the site of 
the tumor in the skull and whether there is coexisting involve- 
ment of the inner table or subjacent brain. 

On physical examination the skull POS is firm-to-hard in 
consistency and either painless or only minimally tender on 
deep palpation. The mass appears fixed to the underlying 
skull. The overlying skin is stretched over but not adherent to 
the mass. In our series the tumor varied from 3 to 16 cm in 
diameter and had a smooth surface. 

The surgically resected tumor is a mass of variable size, 
with a lobulated but otherwise smooth surface. Small lesions 
lie on the outer table of the skull on a broad, sessile base, 
and are easily shelled out from the underlying bone. At times, 
the tumor exhibits an irregular periphery that may blend 
imperceptibly into the surrounding soft tissues. A section of 
the POS is bony hard in its center but soft and chalky at the 
periphery and may have a pseudocapsule (Fig. 2C). Occa- 
sionally the tumor matrix reveals radiating bony trabeculae; 
this pattern was noted in the two mastoid tumors in our 
series. 

Histopathologic features of cranial POS are indistinguish- 
able from those encountered in POS arising in long bones, 
and are well documented in the literature [1-4, 10, 11]. Many 
areas of the tumor must be sampled for histopathologic 
confirmation [2]. Typically a POS is a low-grade malignant 
neoplasm. Microscopically, the dense, hard center of the 
tumor contains small amounts of poorly vascularized fibroad- 
ipose tissue interspersed within compact bone. The periphery 
of the tumor exhibits spindle-shaped fibroblasts with elon- 
gated nuciei, and occasional foci of atypical condroid and 
osteoid also may be scattered within the tumor matrix. 

Seven of our eight cases of cranial POS were indistinguish- 
able on both gross and histologic examinations from counter- 
part lesions elsewhere in the skeleton. The lone exception 
was the tumor that arose in the left frontoparietal region and 
exhibited both intracranial and extracranial growth. This tumor 
combined the features of classical and dedifferentiated POS, 
and involved the entire thickness of the skull. Such “biphasic” 
lesions have been described in long bones [10]. For unknown 
reasons, all tumors in our series lacked the satellite tumor 
nodules. 

On radiographs, typical skull POS appears as a bosselated, 
densely ossified surface growth, intimately attached via a 
sessile base to the underlying pericranium covering the outer 
table of the skull (Fig. 1). Reactive sclerosis in the underlying 
outer table is common, but frank bone invasion by the tumor 
is unusual, unless the POS undergoes dedifferentiation. Lack 
of pericranium at the inner table perhaps preciudes develop- 
ment of an intracranial POS. Rarely, a dedifferentiated POS 
may become large enough to extend intracranially and com- 
press the adjacent brain, causing diverse neurologic symp- 
toms. It was noted in one patient in our series. The tumor can 
arise anywhere in the skull, although the outer tables of the 
parietal and temporal (especially mastoid) bones appear to be 
the most common sites. 

Ultimately, the tumor “outgrows’” its base and assumes a 
mushroomlike configuration. Generally, the heavily mineral- 
ized tumor is most sclerosed at its base and may contain 
radiolucent areas in its periphery (Figs. 1 and 2). Although 
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usually well defined, its borders at times can be poorly defined 
and blend imperceptibly into the surrounding soft tissues. The 
mineralization of the tumor parallels its benignity: the more 
dense and uniform the sclerosis within the tumor matrix, the 
greater is its tendency to grow slowly or exhibit low biologic 
activity [2, 10, 11]. A radiolucent cleft, seen best on tangential 
views of the skull, may separate the tumor from the underlying 
outer table (Fig. 1). As the tumor enlarges, this radiolucent 
cleft may be partially or totally obliterated. At times, the tumor 
matrix may be arranged in radiating laminar strands, as noted 
in two lesions in this series (Fig. 2). Although satellite tumor 
nodules have been observed in association with POS arising 
in long bones, no such nodules were seen in our series. The 
satellite nodules have been reported as present prior to 
surgery, but they tend to occur with greater frequency after 
surgical resection of the primary tumor [10, 11]. 

CT is of great help in the preoperative evaluation of POS, 
since it assesses the extraosseous extent of the tumor, 
presence of satellite tumor nodules, and involvement of un- 
derlying bone [8, 12]. Additionally, CT provides information 
about the tumor matrix. However, because of unsharpness 
resulting from partial-volume averaging, CT may fail to detect 
involvement of the underlying bone if the tumor arises along 
the convexity of the skull [12, 13]. In addition, radiolucent 
areas within the tumor detected with CT may represent 
fibrosis, cartilage, fat, or entrapped soft tissue rather than 
nonmineralized osseous matrix. Reactive sclerosis of the 
underlying normal bone can be misdiagnosed as tumoral 
invasion on CT [13]. 

Angiography has only a limited role in the radiologic as- 
sessment of cranial POS. Low-grade parosteal osteosarco- 
mas tend to be hypovascular tumors (as reflected in our single 
angiogram), whereas a malignant dedifferentiated POS is 
usually hypervascular [14]. 

Differential diagnoses of cranial POS include organizing 
scalp hematoma, giant osteoma, sessile osteochondroma, 
conventional osteosarcoma, and chondrosarcoma [4, 10]. 

POS is a slow-growing lesion of low biologic activity [2]. 
Involvement of the underlying bone does not invariably indi- 
cate a poor prognosis, although this subject is controversial 
[2, 3, 10]. 

POS has a much better prognosis than conventional osteo- 
sarcoma [10, 11]. En bloc surgical resection of POS with a 
surrounding wide cuff of normal bone seems to be adequate 
treatment in most instances, and recurrence is unlikely, as 
most cranial parosteal osteosarcomas are detected early and 
lack satellite tumor nodules in the surrounding soft tissues. 
Twenty percent of POS lesions arising in long bones may 
undergo malignant dedifferentiation and require more exten- 
sive surgery [15]. We had the opportunity to follow up two 
patients with cranial POS, one of whom had dedifferentiated 
POS. One year after en bloc surgical resection, there was no 
evidence of recurrence. A third patient remained free of 
recurrence over a lengthy follow-up of 20 years (Gates GA, 
personal communication). Similar long-term survival has been 
reported with POS arising in long bones and the jaw [1, 6]. 
None of our patients developed pulmonary metastases, often 
encountered in patients with long bone POS, where they 
account for a mortality of up to 25% [1, 2, 9]. 


AJR:155, July 1990 


REFERENCES 


. Geschickter CF, Copeland MM. Parosteal osteoma of bone: a new entity. 
Ann Surg 1951;133:790-807 

. Scaglietti O, Calandriello B. Ossifying parosteal sarcoma. Parosteal os- 
teoma or juxtacortical osteogenic sarcoma. J Bone Joint Surg [Am] 
1962;44:635-647 

. Schajowiez F, McGuire MH, Araujo ES, Muscolo DL, Gitelis S. Osteosar- 
comas arising on the surfaces of long bones. J Bone Joint Surg [Am] 
1988;70-A: 555-564 

. Dwinnell LA, Dahlin DC, Ghormley RK. Parosteal (juxtacortical) osteogenic 
sarcoma. J Bone Joint Surg [Am] 1954;36-A:732-744 

. Roca AN, Smith JL, Jing BS. Osteosarcoma and parosteal osteogenic 
sarcoma of the maxilla and mandible: study of 20 cases. Am J Clin Patho! 
1970;54:625-636 

. Bras JM, Donner R, Van der Kwast WAM, Snow GB, Van der Waal |. 
Juxtacortical osteogenic sarcoma of the jaws. Oral Surg Oral Med Orat 
Pathol 1980;50:535-544 

. Marks MP, Marks SC, Segall HD, Schwinn CP, Forrester DM. Case report 





CRANIAL PAROSTEAL OSTEOGENIC SARCOMA 


14. 


15. 


117 


420. Skeletal Radiol 1987;16:246-251 


. Lee Y-Y, Tassel PV, Nauert C, Raymond AK, Edeiken J. Craniofacial 


osteosarcomas: plain film, CT, and MR findings in 46 cases. AJNR 
1988;9:379-385 


. Edeiken J, Farrell C, Ackerman LV, Spjut HJ. Parosteal sarcoma, AJA 


1971;111:579-583 


. Unni K, Dahlin DC, Beabout JW, Irins JS. Parosteal osteosarcoma. Cancer 


1976;37 2466-2475 


. Van der Heul RO, Von Ronnen JR. Juxtacortical osteosarcoma: diagnosis, 


differential diagnosis, treatment, and an analysis of eighty cases. J Bone 
Joint Surg [Am] 1967;49-A:415-439 


. Lindell MM, Shirkhoda A, Raymond AK, Murray JA, Harle TS. Parosteal 


osteosarcoma: radiologic-pathologic correlation with emphasis on CT. AJR 
1987;148:323-328 

Hudson TM, Springfield DS, Benjamin M, Bertoni F, Present DA. Computed 
tomography of parosteal osteosarcoma. AJR 1985;144:961~965 
Ranniger K, Altner PC. Parosteal osteoid sarcoma. Radiology 1966; 
86:648-651 

Wold LE, Unni KK, Beabout JW, Sim FH, Dahlin DC. Dedifferentiated 
parosteal osteosarcoma. J Bone Joint Surg [Am] 1984;66-A:53~59 





Come to the 
American Roentgen Ray Society 
st 


ANNUAL MEETING 
Boston, MA 


Sheraton Boston Hotel 
May 5-10, 1991 








Scientific Program (200 papers) 
Instructional Courses (60 hours) 
Categorical Course on Body MR Imaging 
The Caldwell Lecture 
Award Papers 
Scientific Exhibits 
Social, Golf, and Tennis Programs 
Guest Programs 





119 


Pictorial Essay 





Hallux Valgus Deformity: Preoperative Radiologic 


Assessment 


David Karasick' and Keith L. Wapner® 


An estimated 40% of the American adult population expe- 
riences foot problems, especially bunions with hallux valgus 
and hammer toes. The noted predominance among females 
usually is attributed to a choice of footwear. Hallux valgus is 
defined as static subluxation of the first metatarsophalangeal 
joint with lateral deviation of the great toe and medial deviation 
of the first metatarsal. With more than 100 surgical proce- 
dures developed for the repair of hallux valgus and the 
increasingly sophisticated techniques available, a thorough 
understanding of the radiologic criteria involved in the assess- 
ment of these foot deformities is needed. 

Proper technique consists of obtaining radiographs while 
the patient is standing erect and bearing weight on the foot. 


An anteroposterior or a dorsoplantar view is obtained with - 


15° of cephalic angulation of the tube at exposure factors of 
6 mAs and 50 kV. A lateral view is obtained without angulation 
of the tube at 9.5 mAs and 55 kV; this view enables proper 
evaluation of pes planus, or flatfoot. An accompanying oblique 
radiograph is obtained without tube angulation; exposure 
factors are similar to those for the anteroposterior view. The 
source-to-image distance is 40 in. (101.6 cm). At our institu- 
tion, DuPont Quanta detail screens (Du Pont, Clifton, NJ) are 
used with Agfa Gevaert MR 4 film (Agfa-Gevaert Rex, Secau- 
cus, NJ). 

A thorough knowledge and understanding of the pathologic 
conditions present with hallux-valgus deformity are essential 


to better differentiate normal from abnormal measurements 
on radiographs. Hallux valgus deformity consists of lateral - 
deviation of the proximal phalanx on the metatarsal head with 
accompanying medial deviation of the first metatarsal. As the 
deformity progresses, the first metatarsal head slides medially 
off the sesamoids, which are anchored to the second meta- 
tarsal by the transverse metatarsal ligament. Enlargement of 
the medial bony eminence of the first metatarsal head and 
attenuation of medial capsular tissues occurs. Bursal thick- 
ening or inflammatory bursitis overlying the first metatarsal 
head can accentuate this medial eminence. The pressure of 
the great toe against the second toe may lead to abnormal 
alignment, subluxation, or dislocation of the second metatar- 
sophalangeal joint [1]. 

Given these pathologic developments in hallux valgus, cer- 
tain measurements made on radiographs of the weight-bear- 
ing foot are essential for proper surgical correction [2-4]. 
These include the hallux interphalangeus angle, hallux valgus 
angle, metatarsus primus varus angle, and first intermetatar- 
sal angle (Fig. 1). The other important measurements are the 
tibial sesamoid position (Fig. 2) and the relative lengths of the 
first and second metatarsals (Fig. 3). Additional criteria con- 
cern congruency of the first metatarsophalangeal joint (Fig. 
4}, shape of the first metatarsal head (Fig. 5}, orientation of 
the first metatarsal-cuneiform joint (Fig. 6), existence of a 
lateral facet (Fig. 7), size of the medial eminence (Fig. 8), 
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Fig. 1.—Normal (N) angles in anteroposterior erect foot as measured 
on radiographs. 

1, Hallux interphalangeus angle: angle between long axes of first prox- 
imal phalanx and first distal phalanx (N < 8°). 

2, Hallux valgus angle: angle between long axes of first proximal phalanx 
and first metatarsal (N < 15°). Hallux valgus can be mild (16-25°), moderate 
(26-35°), or severe (>35°). 

3, Metatarsus primus varus angle: angle between long axes of medial 
cuneiform and first metatarsal (N < 25°). 

4, First intermetatarsal angle: angle between long axis of first and 
second metatarsals (N < 10°). 
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degree of degenerative joint disease (Fig. 9), degree of pro- 
nation of the hallux (Fig. 10), subluxation or dislocation of the 
lesser metatarsophalangeal joints (Fig. 10), and presence of 
crossover second toe deformity (Fig. 11). 

The radiologist’s role in the basic decision-making process 
for selecting the corrective procedure for hallux valgus is 
important. The surgical treatment can be divided into seven 
categories [1]: (1) Simple exostectomy is indicated for a large 
medial eminence without significant valgus deformity. (2) Soft- 
tissue repair is indicated for mild to moderate hallux valgus 
less than 35° with an intermetatarsal angle less than 15°. (3) 
Proximal first metatarsal osteotomy (Mann crescentic osteot- 
omy) is indicated for moderate to severe hallux valgus when 
the first metatarsal cannot be reduced to the second meta- 
tarsal (intermetatarsal angle greater than 15°). (4) Distal first 
metatarsal osteotomy (Mitchell procedure) is indicated for 
moderate hallux valgus, when the first metatarsal is not 
shorter than the second metatarsal. Metatarsalgia, especially 
of the second metatarsal, may develop postoperatively if this 
surgery is performed on a short first metatarsal. (5) Resection 
arthroplasty (Keller proximal phalanx resection) is indicated in 
older patients for whom extensive surgery is contraindicated 
or in whom hallux rigidus is not amenable to treatment by 
cheilectomy, arthrodesis, or Silastic implant. It also is indi- 
cated as a salvage procedure for failed bunion surgery. (6) 
Proximal phalangeal osteotomy (Akin procedure) is indicated 
for hallux valgus interphalangeus and for mild to moderate 
hallux valgus with a congruent joint. (7) Metatarsophalangeal 
joint arthrodesis is indicated for advanced degenerative or 
rheumatoid arthritis with hallux valgus deformity. It also is 
indicated with failed implant or as a salvage procedure for 
recurrent hallux valgus. 

In summary, hallux valgus deformity is not difficult to diag- 
nose, but it must be evaluated carefully on radiographs to 
ensure use of the most efficacious surgical procedure for 
each patient. 


Fig. 2.—Tibial sesamoid position 
(four-grade classification). 

A, Grade 0: no displacement of ses- 
amoid relative to reference line, which 
bisects long axis of first metatarsal 
shaft. 

B, Grade 1: overlap of less than 50% 
of sesamoid to reference line. 

C, Grade 2: overlap of greater than 
50% of sesamoid to reference line. 

D, Grade 3: complete displacement 
of tibial sesamoid beyond reference 
line laterally. 
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Fig. 3.—Relative lengths of first and 
second metatarsals: bisecting vertical 
line is drawn in second metatarsal bone 
and connected to perpendicular hori- 
zontal line drawn from second metatar- 
sal head to first metatarsal head. 

A, Short first metatarsal (minus rat- 
ing): horizontal line extends distal (>2 
mm) to first metatarsal head. 

B, Equal metatarsal lengths: hori- 
zontal line intersects first metatarsal 
head within 2 mm. 

C, Long first metatarsal ( plus rating): 
horizontal line extends proximal (> 2 
mm) to first metatarsal head. 


Fig. 4.—Congruence of first meta- 
tarsophalangeal joint: two straight lines 
are drawn representing effective artic- 
ulating surface of first metatarsal head 
and effective articular cartilage at base 
of first proximal phalanx. 

A, Congruent joint: proximal and dis- 
tal articulating surfaces are aligned 
(parallel lines). 

B, Deviated joint: distal articulating 
surface is deviated lateral to proximal 
articulating surface, leaving medial 
border of proximal surface exposed 
(lines converge outside joint). 

C, Subluxed joint: base of proximal 
phalanx is subluxed laterally with re- 
spect to metatarsal head (lines inter- 
sect within joint). An incongruous artic- 
ulation appears to be at significant risk 
for later metatarsophalangeal decom- 
pensation. 


Fig. 5.—Shape of first metatarsal 
head. 

A, Flat head: resists hallux valgus 
deformity. 

B, Round head: predisposes to hal- 
lux valgus deformity. 

C, Dome-shaped head with central 
bulge: exhibits stability postopera- 
tively. 
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Fig. 6.—First metatarsal-cuneiform joint orientation. 

A, Flat or horizontal joint: resists increase in intermetatarsal angle. 

B, Oblique joint: less stable and prone to deformity. 

C, Round joint: enhances mobility of joint and medial deviation of metatarsal. 
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Fig. 7.—Lateral facet at base of first meta- 
tarsal bone: its presence (arrowheads) can 
mechanically impair successful realignment 
unless an osteotomy of first metatarsal is 
performed. 


Fig. 8.—Large medial eminence: 
size of this bony outgrowth on medial 
aspect of first metatarsal head can 
range from 1 to more than 5 mm in 
width. Degree of hallux valgus does not 
necessarily correlate with size of this 
medial eminence. 


Fig. 9.—Degenerative joint disease 
at first metatarsophalangeal joint: de- 
gree of joint-space narrowing, osteo- 
phytic spurs, and rigidity can determine 
surgical corrective procedure. Patients 
with hallux valgus and significant de- 
generative joint disease may be treated 
with arthrodesis. 
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Fig. 10.—Severe hallux valgus with 
pronated hallux and dislocations of 
second and third metatarsophalangeal 
joints: with increasing hallux valgus, 
lateral shift of lesser toes occurs as 
well as pronation of great toe. This can 
result in subluxation or dislocation of 
adjacent metatarsophalangeal joints, 
especially the second. 


Fig. 11.—Crossover second toe de- 
formity: with severe hallux valgus, sec- 
ond toe can overlap great toe, resulting 
in significant deformity. 
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Guidelines for the Routine Performance Checking of Medical Ultrasound Equipment. Edited by R. E. 
Richardson. (Report No. 58 of The institute of Physical Sciences in Medicine.) York, England: The Institute of 
Physical Sciences in Medicine, 54 pp., 1988. £9.80 (£15.8 if dollars sent), softcover. Available from The Institute 
of Physical Sciences in Medicine, 2 Low Ousegate, York YO1 1QU, England. 


This small softcover book is surprisingly thorough in describing 
Quality control procedures for a variety of phantoms. It is well orga- 
nized, and the illustrations appear on the pages where they are 
referenced. Even the oscilloscope illustrations are well reproduced. 

The quality control tests described concern caliper accuracy, in 
both the horizontal and depth directions; system sensitivity; dynamic 
range; and registration. Lateral and axial direction resolution tests 
are omitted because the book is aimed primarily at detecting changes 
in equipment rather than at evaluating its performance. The authors 
hypothesize that changes in resolution would be due to transducer 


damage or receiver failure and would be detected by the sensitivity 


test. 

The phantoms described are a homemade Perspex block; the 
American Institute of Ultrasound in Medicine 100-mm test object; 
tissue-mimicking phantoms; a delay line; and electronic phantoms, 
such as the ASIST phantom. A separate chapter describes each 
phantom, and the text identifies which phantoms can be used for 
each test. The text also describes how each test differs for linear 
arrays, phased and mechanical probes, and B-mode transducers. 

A list of suppliers of phantoms and prices (in pounds) is not 
complete, but it would get a user started. In addition, two chapters 
on testing ultrasound therapy machines is unique. One of these 


chapters describes radiation balances. and hydrophones for power 
measurements of therapy equipment. 

The only chapters that seem inadequate are those that deal with 
Doppler tests and test equipment. This deficit may be due to the 
increased use of Doppler equipment during the past 2 years in the 
United States compared with its prevalence in the United Kingdom 2 
years ago. The descriptions of a flow test object contain some 
inaccuracies and, unlike the rest of the text, seem to rely more on 
published papers than on the practical experience of the authors. 

Besides the chapters on Doppler sonography, the only serious 
defects are the lack of an index, as the book will be used as a 
reference in addition to its use as a manual, and the omission of tests 
for resolution. In my experience, changes in axial resolution can 
predict other failures not predicted by sensitivity tests. The inclusion 
of a qualitative dynamic-range test, which predicts the same type of 
failure as that predicted by the sensitivity test, could have been 
dropped in favor of including resolution tests. Despite these caveats, 
this booklet is a good value and will help radiologists and technolo- 
gists establish a quality assurance program. 

Carolyn Kimme-Smith 
University of California, Los Angeles, School of Medicine 
Los Angeles, CA 90024 
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Importance of Prenatal Detection 
of Hydronephrosis of the 
Upper Pole 


To determine the impact of prenatal detection on neonates with hydronephrosis of 
the upper pole of a duplex collecting system, we reviewed 40 such cases seen between 
June 1982 and April 1989. This six-per-year rate contrasts with fewer than one case per 
year that was seen at our hospital from 1947 to 1977. Nineteen patients had an ectopic 
ureterocele, and 21 had an ectopic ureter without a ureterocele. Thirty-three (83%) were 
girls. Thirty-three cases were discovered because of abnormal findings on a prenatal 
sonogram, and 20 of those infants were asymptomatic. In the 33 patients whose prenatal 
sonographic findings were abnormal, the sonogram was diagnostically precise for 
hydronephrosis of the upper pole of a duplex collecting system in only 39%. This 
imprecision did not adversely affect management or outcome. Postnatal sonography 
modified the prenatal diagnosis in 75% of these 33 patients. Voiding cystourethrography 
was the most sensitive and precise imaging technique for detecting both ureterocele 
and reflux. Lower pole reflux was almost twice as common when an ectopic ureterocele 
was present (63%) than when one was not (33%). 

Prenatal sonographic detection of hydronephrosis of the upper pole of a duplex 
collecting system decreased the proportion of neonates presenting with urinary tract 
infection and urosepsis because of prophylactic antibiotics initiated at birth and contin- 
ued until surgical correction. Precise prenatal diagnosis was not needed for effective 
surgical treatment. 


AJR 155:125-129, July 1990 


In order to assess the effect of prenatal diagnosis on the presentation, imaging, 
treatment, and outcome of hydronephrosis of the upper pole of a duplex collecting 
system, we analyzed the case histories and imaging studies of all such neonates 
seen at our hospital during the past 7 years. 


Materials and Methods 


From our prospective registry of neanates with hydronephrosis diagnosed at The Children’s 
Hospital between June 1982 and April 1989, all 40 cases of hydronephrosis of the upper pole 
of a duplex collecting system, both with and without an ectopic ureterocele (Fig. 1), were 
reviewed. Thirty-three of the patients had had prenatal sonograms. We reviewed those 
sonograms (all done elsewhere) or their reports. We performed postnatal sonography on 32 
neonates, resulting in 31 patients with both a prenatal and a postnatal sonogram. All patients 
were examined with excretory urography and voiding cystourethrography. Renal scintigraphy 
with DTPA (one patient), DMSA (five patients), or both (five patients) was performed in 11 
neonates. All surgical procedures were performed at The Children’s Hospital. 


Results 


Of these 40 neonates, 19 had an ectopic ureterocele. One infant had bilateral 
upper pole hydronephrosis, but an ectopic ureterocele on only one side (Fig. 2). 
Thirty-three (83%) were girls. Thirty-three cases were detected by prenatal sonog- 
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Fig. 1.—Schematic representation of two left kidneys, each with hydro- 
nephrosis of upper pole of a duplex collecting system, one with and one 
without an ectopic ureterocele. 


raphy, which, however, usually was not specific for this 
anomaly. The most common reported finding (20/33, 61%) 
was simply either hydronephrosis or hydroureteronephrosis. 
That the hydronephrosis was affecting the upper pole of a 
duplex system was recognized in only nine, and only one 
ureterocele was detected. A cyst or a cystic renal mass was 
reported in three patients and an enlarged kidney in one. In 
the other seven neonates, prenatal sonography had not been 
done. 

Findings on the neonatal sonogram modified the prenatal 
sonographic diagnosis in 23 of 31 cases. The presence of the 
single previously recognized ureterocele was confirmed, and 
10 more ureteroceles were found. 

Of the 40 neonates, 20 (50%) were asymptomatic at the 
time of their initial urographic studies. All of these 20 had had 
prenatal diagnosis, and 17 of them were taking prophylactic 
antibiotics. Eleven of these 20 infants had a ureterocele. 
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Fourteen (35%) of the 40 presented with signs or symptoms 
related to their abnormal urinary tract. Ten of these 14 infants 
had urinary tract infection. Of these 10, six had been diag- 
nosed prenatally, none were taking prophylactic antibiotics, 
and four had a ureterocele. Two of these 14 presented with 
an interlabial mass (a prolapsed ectopic ureterocele), and two 
others had an abdominal mass or abdominal distension. Six 
(15%) of the 40 had their upper pole hydronephrosis detected 
as an incidental finding during examination for symptoms or 
signs not related to their abnormal urinary tract (fever in two, 
anemia in one, hyperbilirubinemia in one, respiratory symp- 
toms in one, and vomiting in one). 

The voiding cystourethrogram, with a cyclic study [1] done 
in most cases, showed ureterocele in 19 of the 40, and in 
two of these cases it was bilateral. This included eight ure- 
teroceles not detected by postnatal sonography. Twenty 
(50%) of 40 neonates had vesicoureteral reflux. Of the 19 
neonates with a ureterocele, 12 (63%) had reflux. In eight it 
was into the ipsilateral lower pole (grade | in one patient, 
grade II in two, grade III in three, and grade IV in two). In one 
it was into a contralateral lower pole (grade V), and two had 
bilateral lower pole reflux (grades II-III). Of the 21 neonates 
without a ureterocele, only seven (33%) had reflux. In two it 
was into the ipsilateral lower pole only (grade III in one, grade 
IV in one), one had bilateral lower pole reflux (grade Il, grade 
Il), two had lower pole and contralateral single-system reflux 
(grade II in lower poles and grade | in single systems), and 
two had upper pole and contralateral single-system reflux 
(grades | and V in upper poles, grades II and Ill in single 
systems). In the one infant with bilateral upper pole hydrone- 
phrosis but only one ureterocele (Fig. 2), grade | lower pole 
reflux was seen on the side of the ureterocele. 

The excretory urogram did not visualize the upper pole in 
24 patients (60%) (15 with and nine without a ureterocele). 
Fourteen patients (35%) showed faint opacification of a hy- 
dronephrotic upper pole (one with and 13 without a uretero- 
cele). In one neonate with bilateral ureteroceles, one upper 
pole was not visualized and the other was faintly seen. One 
neonate had extrinsic obstruction of the lower pole ureter by 
the ipsilateral upper pole ureter (Fig. 3). 


Fig. 2.—Excretory urogram of 2-week-old girl 
with bilateral duplex systems and bilateral upper 
pole hydronephrosis. Only right side had an ec- 
topic ureterocele (U). Appearance of right and 
left kidneys is identical on both this study and 
on sonography (not shown). 


Fig. 3.—Preoperative excretory urogram of 3- 
week-old girl. 45-min film reveals left duplex 
system with both upper and lower pole hydroure- 
teronephrosis. Upper unit is faintly visualized. 
Lower pole ureter (I) is extrinsically obstructed 
by upper pole ureter (u) at both ureteropelvic 
junction (black arrow) and distally (white arrow). 
Voiding cystourethrogram (not shown) indicated 
no reflux. 
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Renal scintigraphy in 11 neonates showed one instance in 
which there was radionuclide uptake on DMSA scintigraphy 
by an upper moiety that was not opacified on excretory 
urography. 

Additional preoperative diagnostic and therapeutic proce- 
dures were performed in four neonates. In two, both of whom 
had abnormal prenatal sonographic findings, percutaneous 
antegrade pyelography was done, followed by placement of 
a percutaneous nephrostomy tube into the affected upper 
pole (Figs. 4 and 5). Two other neonates had retrograde 
opacification of their ureterocele or upper pole ureter at the 
time of surgery. Of these, one had “ureterocele disproportion” 
[2]. 

Thirty-six had an elective surgical procedure. Twenty-eight 
of these had the nonfunctioning or poorly functioning upper 
pole removed, 15 with and 13 without a ureterocele. Seven 
had an upper pole that functioned well and had either ipsilat- 
eral upper-to-lower pole ureteropyelostomy or ureteroureter- 
ostomy or ipsilateral common-sheath reimplantation, two with 
and five without a ureterocele. One infant had a nephrectomy 
because of a nonfunctioning upper pole and a severely reflux- 
ing nonfunctioning ipsilateral lower pole. In 11 neonates, the 
ureterocele was decompressed from above at the time of 
their kidney surgery, and it was left in place collapsed in the 


Fig. 4.—Infant girl with prenatal diagnosis of 
hydronephrosis of upper pole who was taking 
prophylactic antibiotics and whose urine was 
sterile. She presented at 2 weeks old with acute 
anuria and was found to be azotemic. 

A, Sonogram of right kidney shows moderate 
hydronephrosis. Other images showed perirenal 
fluid (extravasated urine). 

B, Sonogram of left duplex kidney shows 
moderate dilatation of lower pole pelvicaliceal 
system and massive dilatation of adjacent upper 
pole ureter (arrow). 

C, Sonogram of pelvis shows massively di- 
lated left upper pole ureter displacing almost 
empty bladder (arrow) anteriorly. This dilated left 
upper pole ureter was obstructing both left lower 
pole ureter and right single ureter. 

D, Excretory urogram (15-min film) several 
hours after decompression of left upper pole 
ureter by percutaneous nephrostomy. Nephros- 
tomy tube is in place. Left lower pole is displaced 
inferolaterally but is otherwise normal. Right pel- 
vicaliceal system is only mildly dilated and kid- 
ney functions promptly. There is no extravasa- 
tion. Results of chemical tests of renal function 
quickly returned to normal. 
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bladder. Of these, only three have needed subsequent exci- 
sion of their ureterocele and reimplantation of their ipsilateral 
lower pole ureter. One infant also had undergone repair of a 
primary megaureter of the ipsilateral lower pole and bilateral 
ureteral reimplantations. One infant died of other causes 
before urinary tract surgery was performed, and two are 
awaiting surgery. In only one infant is no surgery planned. 
She has mild upper pole hydronephrosis that was detected 
prenatally and a ureterocele that was found postnatally. She 
has mild ipsilateral lower pole reflux and has been treated for 
2 years with prophylactic antibiotics. All infants who have had 
surgery, and the one girl for whom surgery is not contem- 
plated, are well, free from infection, and have normal renal 
function. 


Discussion 


Between June 1982 and April 1989, 40 infants (about six 
per year) were found to have hydronephrosis of the upper 
pole of a duplex collecting system. Approximately half had an 
ectopic ureterocele. By comparison, between 1947 and 1977, 
only 20 neonates (less than one per year) with hydronephrosis 
of the upper pole were seen at our hospital, and each had a 
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Fig. 5.—Infant girl with prenatal diagnosis of hydronephrosis of upper pole who was on prophy- 
lactic antibiotics and whose urine was sterile. She presented at 1 day and again at 10 days old with 
vomiting. An upper gastrointestinal series had shown partial extrinsic duodenal obstruction and normal 


fixation of her intestine, and her renal function was normal. 


A, Antegrade pyelogram of upper pole of /eft duplex system shows massive dilatation and tortuosity 


of left upper pole ureter, which was causing partial duodenal obstruction. 


B, Excretory urogram (15-min film) shows inferolateral displacement of otherwise normal left lower 
pole. Right pelvicaliceal system is only mildly dilated, and kidney functions promptly. Note similarity 


to Fig. 4D. However, this infant has not had decompression yet. 


ureterocele [3]. We have no reason to suspect that this 
anomaly is becoming more common. Rather, we believe that 
the marked increase in the number of infants with upper pole 
hydronephrosis, both with and particularly without an ectopic 
ureterocele, is due to detection of an abnormal kidney on 
prenatal sonography. Thus, many asymptomatic infants are 
discovered now, whereas in the era before obstetric sonog- 
raphy, most who came to the physician's attention were 
symptomatic. 

In this study, we did not evaluate the accuracy of prenatal 
sonography vis a vis upper pole hydronephrosis. Rather, we 
compared the official prenatal sonographic diagnosis in the 
infants’ records at the time of referral to our hospital for 
uroradiologic evaluation with the final diagnosis. Although 
upper pole hydronephrosis and a ureterocele can be diag- 
nosed prenatally by sonography [4, 5], in the neonates re- 
ported here the prenatal diagnosis of duplex system with 
upper pole hydronephrosis was suggested in only one third, 
and only one of 19 ureteroceles was detected. This low 
specificity is probably due in part to the unfamiliarity with this 
entity of those who performed the prenatal sonography. Few 
of the examinations were performed by pediatric radiologists. 
However, the ureterocele also was not seen on many studies 
done by experienced fetal sonographers. This is probably 
because of the same pitfalls seen on postnatal sonography, 
that is, the ureterocele can be mistaken for the bladder if the 
bladder is empty, or the full bladder can result in effacement 
of the ureterocele [6, 7]. In a study in which the prenatal and 
postnatal sonograms were done by the same pediatric radi- 
ologists, only 10% of ectopic ureteroceles were detected on 
the prenatal study (E. F. Avni, personal communication). 
However, an important finding is that a precise prenatal 


Fig. 6.—Voiding cystourethrography was 
first imaging technique used in this infant. Note 
grade Il reflux into lower pole of a duplex col- 
lecting system; axis of pelvicaliceal system and 
serpiginous course of ureter are virtually patho- 
gnomonic of this condition. Sonogram and ex- 
cretory urogram (not shown) confirmed pres- 
ence of a dilated obstructed upper moiety. 


diagnosis was not necessary for efficient postnatal manage- 
ment. 

Cyclic voiding cystourethrography was the most sensitive 
test for ureteroceles and also showed and characterized 
reflux well. Eight ureteroceles not found by sonography were 
seen by voiding cystourethrography. Vesicoureteral reflux 
was common and was more frequent in the patients with 
ectopic ureterocele (63%) than in those without (33%). This 
was true both for any reflux detected and also for reflux into 
the ipsilateral lower pole (50% with a ureterocele vs 25% 
without). This difference in the number of patients with reflux, 
with and without a ureterocele, is probably due to distortion 
of the ipsilateral lower pole orifice by the ureterocele. No 
difference in the severity of reflux was seen between the two 
groups. When reflux was into a lower moiety, it was helpful 
in initially suggesting the diagnosis of a duplex collecting 
system (Fig. 6). 

Excretory urography to confirm the diagnosis and also to 
evaluate qualitatively the function of the upper pole (and the 
lower pole and other kidney) continued to be very helpful. It 
was always done after 10 days of age and usually before 4 
weeks of age. Nonionic contrast agents were used, and 
visualization of unaffected renal units was uniformly excellent. 
In general, if the affected upper pole did not opacify on 
excretory urography, upper pole partial nephrectomy was 
performed. Conversely, if the affected upper pole was even 
faintly visualized on excretory urography, an upper-to-lower 
ureteropyelostomy or ureteroureterostomy or common- 
sheath reimplantation was done. In many infants, excretory 
urography was the only functional renal imaging examination 
used by the pediatric urologic surgeon to plan treatment. 
Eleven infants had both excretory urography and renal scin- 





AJR:155, July 1990 


tigraphy (DTPA or DMSA or both). In these infants, the 
scintigram was obtained either to confirm the suspicion of 
nonfunction of the upper pole because of nonvisualization on 
excretory urography (DMSA), or to evaluate more quantita- 
tively the degree of obstruction of the lower moiety or the 
contralateral kidney (DTPA), or both. 

Only 14 (35%) of the infants had signs or symptoms related 
to the urinary tract. Ten had a urinary tract infection, with 
seven of these 10 presenting between 1982 and 1985, before 
prophylactic antibiotics were routinely used. Two had an 
abdominal mass and the other two had a prolapsed ectopic 
ureterocele. Infection did not develop in any of the infants 
taking prophylactic antibiotics. By comparison, between 1947 
and 1977, before the days of fetal detection, 16 (75%) of 20 
neonates presented with signs or symptoms. In two of these, 
their illness was due to urinary infection. The other 14 had 
either an abdominal mass (11) or a prolapsed ectopic uretero- 
cele (three) before their urine had become infected. 

The decision about which of the standard surgical ap- 
proaches to perform was based on the results of the postnatal 
uroradiologic studies; namely, the status of the upper pole, 
the status of the lower pole, and the status of the opposite 
kidney, plus the presence of reflux and the characteristics of 
the ureterocele. That the diagnosis of hydronephrosis was 
first suspected prenatally or that the infant was asymptomatic 
at presentation did not affect the timing or type of surgery. 

Thus, the impact that prenatal detection has had on these 
infants was that infection could be prevented, obstruction 
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was relieved, and dilated nonfunctioning renal units were 
removed, all before the infants became ill, even when an 
anatomically precise prenatal diagnosis was not made, which 
was often the case. 
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Book Review 


Echocardiography and Doppler in Cardiac Surgery. Edited by Gerald Maurer and Werner Mohl. New York: 


Igaku-Shoin. 355 pp, 1989. $97.50 


This book was conceived by the editors to fill a need for an up-to- 
date source of information on the capability of echocardiography and 
Doppler sonography in the diagnosis and surgical treatment of cardiac 
conditions. It contains 21 chapters written by authors well known in 
the field. Seven chapters describe the basic principles of echocar- 
diography and Doppler sonography as applied to the detection of 
ventricular performance and valvular function. Among them are two 
chapters dedicated to prosthetic valves and one to transesophageal 
echocardiography techniques and limitations. Three chapters de- 
scribe the echocardiographic Doppler diagnosis of cardiac conditions 
for which the tendency is to perform surgery without doing invasive 
diagnostic procedures beforehand. The controversial points in this 
regard are well described. Nine chapters describe the intraoperative 
assessment of a cardiac condition by using a transesophageal, 
epicardial, or intraluminal approach. They demonstrate well the ca- 
pability of these techniques in diagnosing cardiac conditions during 


surgical repair and showing results immediately after. This is partic- 
ularly useful in valvular diseases. One chapter is dedicated to the 
evaluation of the heart after cardiac transplantation and one to 
therapeutic application of sonography. 

Each chapter is well written and well illustrated, providing up-to- 
date information on the usefulness and present limitations of echo- 
cardiography and color Doppler imaging in the surgical management 
of patients with cardiac conditions. The discussion of each condition 
is accompanied by good illustrations. The book will be useful for 
cardiologists and radiologists dedicated to cardiac radiology. It will 
be particularly useful to cardiac surgeons and fellows in cardiac 
surgery. it is well worth the substantial price. 


Benigno Soto 
University of Alabama at Birmingham 
Birmingham, AL 35233 
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Technical Note 


Doppler Flow Monitoring of the Dorsal Artery of the Foot 
Facilitates Puncture of the Femoral Artery in Children 


Cristie J. Becker’ and Richard B. Towbin 


Catheterization of the femoral artery in children, particularly 
infants, can be difficult because of the small size of the artery. 
We found that placing a Doppler pulse monitor over the dorsal 
artery of the foot or the posterior tibial artery can facilitate 
puncture of the femoral artery and guide arterial compression 
for hemostasis. 


Materials and Methods 


We use an ultrasonic Doppler flow detector (Model #811, Parks 
Medical Electronics, Aloha, OR), which has a speaker and recharge- 
able 12-volt, 1.2-ampere hour battery (Fig. 1). The 15-degree flat 
probes are available in adult (14 x 18 x 5 mm) and infant (11 x 15 


Fig. 1.—Ultrasonic Doppler flow detector. 


Fig. 2.—Infant probe positioned on foot. 


x 5 mm) sizes. A commercially available sonographic coupling gel is 
used. A pencil Doppler probe also is available for use. 

The patient is prepared as for standard angiography. If the right 
femoral artery is to be cannulated, the pulse is palpated on the 
dorsum of the right foot and its position marked on the skin with ink. 
The infant probe is positioned so that the maximal signal is obtained, 
then secured with tape (Fig. 2). Pressure is applied with a finger or 
blunt hemostat over the right femoral artery just inferior to the inguinal 
crease until the Doppler signal is no longer audible. This localized site 
is used for initial access by the Seldinger technique with the Potts- 
Courrand needle. After the needle is inserted through the skin incision 
into the subcutaneous tissue, downward pressure is applied to the 
needle tip until no pulse is audible. While arterial compression is 
maintained, the needle is advanced into the artery. As the needle 
enters the artery, an audible but damped pulse is heard. When the 
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guidewire is inserted, one can hear flow turbulence. During the 
procedure, the distal pulse can be monitored if desired. 

After the angiographic procedure, Doppler monitoring of the distal 
pulse is used when compressing the artery to obtain hemostasis. 
Occlusion (as indicated by lack of audible signal) is maintained for 1 
min. Thereafter, pressure is gradually reduced until an audible Doppler 
signal returns, indicating that arterial flow to the distal extremity has 
been reestablished, but so that no bleeding occurs from the puncture 
site. This degree of pressure is usually maintained for 9 min. If active 
bleeding at the puncture site is still observed after 10 min, partial 
arterial compression is reinstituted until hemostasis is achieved. 


Discussion 


In order to facilitate puncture of the femoral artery and 
monitor its patency, angiographers have used the pencil 
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Doppler probe and transcutaneous oxygen monitor (oxime- 
ter). When the femoral pulse is difficult to palpate, the pencil 
Doppler probe is used to localize the artery in the groin. The 
site of maximal Doppler signal is identified and the needle is 
directed into the artery. After the procedure, patency of the 
femoral artery is evaluated with the pencil probe by detection 
of flow in the distal extremity or with the oximeter by placing 
its probe on a toe. We prefer the Doppler flow meter, espe- 
cially in small infants, because it frees the angiographer’s 
hands, allows continuous audible monitoring of the femoral 
pulses if necessary, aids in arterial puncture, and monitors 
hemostasis. It also allows more accurate and effective 
compression (without occlusion) of the artery after catheter 
removal so that limited blood flow is allowed for 10 min, thus 
reducing the possibility of thrombosis. 
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Case Report 


Pneumatosis Intestinalis in Children with AIDS 


Carlos J. Sivit,"? Shelby H. Josephs,?* George A. Taylor,’? and David C. Kushner"? 


Pneumatosis intestinalis has been described in association 
with many gastrointestinal tract disorders, including infection, 
ischemia, and obstruction. Pneumatosis intestinalis also has 
been described in patients with obstructive pulmonary dis- 
ease, collagen-vascular diseases, leukemia, lymphoma, and 
various states of immunodeficiency [1-4]. The significance of 
pneumatosis intestinalis in children with AIDS is unknown. In 
this report, we describe three children with AIDS who sub- 
sequently developed pneumatosis intestinalis. 


Case Report 


A 16-month-old boy was admitted with a 2-day history of fever, 
bilious vomiting, and abdominal distension. Systemic manifestations 
of AIDS had been present for 10 months and included chronic 
cytomegalovirus infection and an episode of Candida esophagitis and 
gastritis requiring a gastrostomy. Endoscopy had not been performed 
recently. Physical examination revealed a tender and distended ab- 
domen. Bowel sounds were increased. Plain films of the abdomen 
demonstrated pneumatosis intestinalis diffusely involving the large 
bowel (Fig. 1). No bowel distension, air-fluid levels, or free intraperi- 
toneal air was present. The patient was treated with bowel rest and 
nutritional support. The pneumatosis intestinalis resolved within 3 
days. Gastrointestinal signs and symptoms resolved in 1 week, and 
the patient was able to resume enteral feedings 10 days after the 
resolution of the pneumatosis intestinalis. The patient remains alive 
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7 months later and has not had a recurrence. No organisms were 
isolated from the blood or stool during the hospitalization, despite 
chronic cytomegalovirus infection. 


Discussion 


Pneumatosis intestinalis is characterized by the develop- 
ment of submucosal or subserosal gas-filled lesions in the 
gastrointestinal tract. It may occur in isolation or in association 
with any of a variety of disorders [1-4]. On radiographs of 
the abdomen, pneumatosis intestinalis may have a cystic or 
linear appearance. The cystic form is restricted to the colon 
and is usually seen with noncatastrophic conditions [5]. In 
contrast to the cystic form, the linear form may involve the 
entire gastrointestinal tract and has been more frequently 
implicated in conditions that result in bowel ischemia, bowel 
necrosis, or severe mucosal destruction [5]. 

Disorders of the gastrointestinal tract in children with AIDS 
are usually a result of infection [6-8]. Chronic or recurrent 
multifocal bowel infection caused by a variety of opportunistic 
organisms has been described [6, 8]. In addition, bowel 
hypoxia, associated with severe pulmonary disease or vas- 
culitis, may be seen. 

In addition to the case reported here, we have seen two 
other children with pneumatosis intestinalis and AIDS. All had 
had systemic manifestations of AIDS for at least 10 months 
and had the following gastrointestinal tract symptoms when 
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pneumatosis intestinalis was identified: abdominal distension 
(two patients), pain (one patient), tenderness (one patient), 
bilious vomiting (one patient), and bloody diarrhea (one pa- 
tient). Two of the children had viral infections (rotavirus, 
cytomegalovirus) and one had bacterial infection (Pseudo- 
monas). 

Pneumatosis intestinalis was seen as the sole radiologic 
abnormality in all three patients. It was linear in appearance 
and limited to the colon in all patients. The patients were 
treated with fluid resuscitation, bowel rest, and nutritional 
support. The pneumatosis intestinalis resolved within 3 days, 
and enteral feedings were resumed within 2 weeks. None of 
the children had a recurrence of pneumatosis. Two of the 
children died of other complications 3 and 12 months after 
presenting with pneumatosis. 

In this small group of children with AIDS, pneumatosis 
intestinalis was not associated with a bowel catastrophe. 
Further studies are needed to elucidate the significance and 
causes of this event. 
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Fig. 1.—Anteroposterior views of 
abdomen. 

A, Pneumatosis intestinalis diffusely 
involving large bowel. 

B, Linear pneumatosis involving as- 
cending and proximal transverse colon. 
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Colloid Cysts of the Third 
Ventricle: Correlation of MR and CT 
Findings with Histology and Chemical 
Analysis 


Eight patients with colloid cysts of the third ventricle were examined with CT and MR. 
In six, surgical resection was performed and the material was subjected to histologic 
evaluation; the concentrations of trace elements were determined by particle-induced 
X-ray emission. Stereotaxic aspiration was performed in two. The investigation showed 
that colloid cysts are often iso- or hypodense relative to brain on CT (5/8), but sometimes 
have a center of increased density. Increased density did not correlate with increased 
concentration of calcium or other metals but did correlate with high cholesterol content. 
Colloid cysts appear more heterogeneous on MR (6/8) than on CT (3/8), despite a 
homogeneous appearance at histology. High signal on short TR/TE sequences is 
correlated with a high cholesterol content. A marked shortening of the T2 relaxation 
time is often noticed in the central part of the cyst. Analysis of trace elements showed 
that this phenomenon is not related to the presence of metals with paramagnetic effects. 

Our analysis of the contents of colloid cysts does not support the theory that differing 
metallic concentrations are responsible for differences in MR signal intensity or CT 
density. We did find that increased CT density and high MR signal correlated with high 
cholesterol content. 


AJNR 11:575-581, May/June 1990; AJR 155:135-141, July 1990 


Colloid cysts of the third ventricle, which represent the best known form of 
neuroepithelial cyst, are rare tumors (0.25-0.5% of all intracranial tumors [1, 2]). 
The origin of this benign pathologic structure has been controversial, but since the 
work of Shuangshoti et al. (1965-1966) [3, 4], the most widely accepted theory 
suggests an origin in the primitive neuroepithelium of the tela choroidea. Neuroep- 
ithelial cysts are also found in the lateral ventricles; this has been documented in 
many cases at autopsy [3], but the cysts have been visualized rarely on CT and 
MR [5]. 

It can be assumed that the very strategic position of a colloid cyst in the anterior 
part of the third ventricle, allowing it to obstruct one or both foramina of Monro, 
thus creating acute hydrocephalus, probably accounts for the more common 
recognition of cysts in this location and descriptions in the clinical and radiologic 
literature. Before CT, ventriculography and encephalography could establish the 
correct diagnosis, but did not provide any information about the content of the 
cysts. With the introduction of CT, the interest of radiologists was aroused by the 
very polymorphous appearance of these lesions, which were reported as hypo- 
[6], iso- [7], or, more commonly, very hyperdense relative to brain parenchyma [8- 
10]. The explanation for the increased density has only rarely been found to be 
hemorrhage [11] or gross calcification [7]. Therefore, several hypotheses have 
been proposed concerning the content of iron or other radiodense ions in the 
secretion products of the cyst [9, 12]. Reports on the contrast enhancement of 
these lesions, particularly in the periphery or capsule, have been contradictory. 

The signal pattern of colloid cysts on MR has also been described as heteroge- 
neous [13-15]. A few cases have been reported, showing different components in 
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the so-called colloid matrix of the cyst [14, 15]; it has been 
suggested that the unusual signal pattern is caused by the 
inclusion of paramagnetic material [16]. The aim of our study 
was to analyze the complex appearance of colloid cysts on 
MR and CT and to try to find an anatomic or chemical 
explanation for their peculiar and variable appearances. 


Materials and Methods 


Eight patients (seven men and one woman 30-74 years old) with 
colloid cysts of the third ventricle were studied from 1986 to 1988 
with CT and MR. Histologic proof of the diagnosis was available in 
six patients. In two patients surgical and stereotaxic biopsy did not 
provide enough material for complete histologic analysis. 

All patients underwent pre- and postcontrast CT examinations with 
a Toshiba TCT 80-B scanner. A bolus injection of 100 mi of iohexol 
was used for enhancement. Routinely, 10-mm-thick axial slices were 
obtained except in the posterior fossa, where 5-mm-thick slices were 
used. In some patients 5-mm-thick slices were also used in the region 
of the colloid cyst; in the three patients who underwent stereotaxic 
procedures, 2-mm-thick slices were obtained as well. In one case, 2- 
mm-thick coronal slices were obtained. 

After separating homogeneous from nonhomogeneous cysts, the 
density of the different components of the content of the cyst was 
compared with that of brain parenchyma (thalamus) and classified on 
an arbitrary five-point scale: ~2 = much lower density than brain 
parenchyma, —1 = lower density, 0 = isodense, +1 = higher density, 
and +2 = much higher density. The size and shape were determined, 
as well as contrast enhancement of the content or capsule of the 
cysts. 

All MR examinations were performed on a 0.3-T Fonar 8-3000M 
unit. Imaging was performed with a multislice technique using spin- 
echo (SE) sequences. A 256 x 256 matrix was used with a pixel size 
of 0.91-1.18 mm. The slice thickness varied between 4.5 and 7 mm. 
All patients had one short TR/TE and one long TR/TE sequence in 
the coronal and sagittal planes. Some patients were examined in the 
axial projection as well. The following parameters were used: for 
short TR/TE sequences, 600/30/2 (TR/TE/excitations) or 400/16/3; 
for long TR/TE sequences, 2000/85/1, 2000/60/1, or dual echo 1500/ 
30-85/1. 
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We performed separate analyses of short and long TR/TE images; 
as for the CT analysis, we separated the cysts into homogeneous 
and nonhomogeneous groups and compared the intensity of the 
different components of the cysts with that of brain parenchyma 
(thalamus) according to the same arbitrary five-point scale. 

Surgical extirpation was performed in six cases and stereotaxic 
biopsy in three (both procedures were performed in one patient). 
Pathologic examination was performed in six cases (H and E~stained 
5-ym-thick sections). Special staining for iron (Gomori’s method) was 
done in five cases; these studies were reviewed with special attention 
to cholesterol and calcium deposits. Cholesterol crystals have a 
typical appearance at histologic examination. The amount of choles- 
terol in the colloid stroma was estimated in each case by the number 
of typical spindle-shaped clefts. (The clefts are created when the 
cholesterol is dissolved by alcohol during the preparation.) 

The content of six cysts was analyzed with quantitative measure- 
ments of trace elements with the particie-induced X-ray emission 
(PIXE) method [17]. By using this method, the concentrations of all 
elements with an atomic weight higher than sodium were measured, 
including metals with possible influence on MR images and CT scans, 
such as gadolinium, chromium, manganese, nickel, copper, iron, and 
calcium. The PIXE method has several advantages over the conven- 
tional atomic absorption method. It is multielemental and sensitive in 
small tissue samples with detection limits down to parts-per-million 
dry weight. The method was previously applied in a study of elemental 
differences between brain tumors and surrounding normal tissue 
[18]. The values for normal brain tissue from the previous study were 
used for comparison in the present study. 


Results 
CT 


The results of the CT examinations are given in Table 1. 
The peripheral components of the content of the cysts could 
be divided into two groups: (1) those isodense or slightly 
hypodense relative to brain parenchyma (cases 1-5) (Figs. 
1A and 2A) and (2) those hyperdense relative to brain paren- 
chyma (cases 6-8) (Figs. 3A and 4A). In the first group, three 


TABLE 1: MR Signal Intensity and CT Density of Colloid Cysts Relative to Brain Parenchyma 














Signal intensit 
ite y CT Density Cholesterol 
: Short TR/TE Long TR/TE 

17 Periphery 0, —1 Periphery +1, +2 Periphery —1 Negative 
Center +1 Center —1 Center +1 

2 Periphery +1 Periphery +2 Periphery 0 Negative 
Two dots -1 Two dots -2 Two dots +1 

3 Periphery 0 Periphery +2 Periphery 0 Negative 
Center —1 Center —2 Center +1 

4 Homogeneous 0 Homogeneous +2 Homogeneous 0 Not examined 

5 Homogeneous 0 Periphery +2 Homogeneous 0 ? Positive 

Center -1 

6 Periphery +1 Periphery 0 Homogeneous +2 Positive 
Center 0 Center —2 

7 Periphery +1 Periphery 0 Homogeneous +2 Not examined 
Two dots -1 Two dots -1 

8 Homogeneous +2 Homogeneous —2 Homogeneous +2 Positive 





Note.—MR signal intensity and CT density were assessed relative to brain parenchyma (thalamus) on a scale of 
—2 to +2: —2 = much lower than brain; —1 = lower than brain; 0 = equal to brain; +1 = higher than brain; +2 = much 
higher than brain. Cholesterol content was examined by the histologic method. 


ê Fluid/fluid level in periphery. 
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Fig. 1.—Case 1. 

A, Unenhanced CT scan shows hy- 
podense thin-walled cyst in anterosu- 
perior part of third ventricle containing 
isodense posterior nodule. 

B, Midline sagittal spin-echo MR im- 
age (600/30) shows fluid level in hy- 
pointense peripheral part of cyst. Pos- 
terior nodule is slightly hyperintense 
relative to brain parenchyma. 

C, Coronal spin-echo (proton-den- 
sity) MR image (1500/30) through pos- 
terior part of cyst shows slightly hyper- 
intense signal from posterior fluid part 
of cyst. Nodule is isointense relative to 
brain parenchyma. 

D, Coronal spin-echo MR image 
(1500/85) through posterior part of cyst 
shows very intense signal from periph- 
eral part and low signal of nodule. 


Fig. 2.—Case 5. 

A, Contrast-enhanced CT scan 
shows very thin third ventricle and di- 
latation of lateral ventricles. No mass 
can be delineated in vicinity of foramen 
of Monro. 

B, Midline sagittal spin-echo MR im- 
age (2000/85) shows hyperintense cyst 
in anterosuperior part of third ventricle. 





A 
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cysts (cases 1-3) were heterogeneous (Fig. 1A), showing a their shape had a tendency to become oval or less rounded 
second, more dense component usually located centrally or as they became bigger. One cyst could not be measured 


in the lower part in the direction of gravity. 


because it was isodense relative to brain tissue and did not 


The size of the cysts ranged from 5 to 30 mm in diameter; enhance. 
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Fig. 3.—Case 8. 

A, Unenhanced CT scan shows very 
hyperdense mass in anterosuperior 
third ventricle. 

B and C, Coronal (B) and midline 
sagittal (C) spin-echo MR images (400/ 
16) show homogeneous intense mass 
in anterosuperior third ventricle. 

D, Midline sagittal spin-echo MR im- 
age (2000/60) shows homogeneous 
very low signal from mass in antero- 
superior third ventricle. 





A very thin rim of contrast enhancement was observed in 
one case, probably representing the capsule of the cyst. 
Otherwise, no enhancement could be seen in any of the cysts. 
In the two cases of isodense cysts, the third ventricle was 
very thin, which is a secondary sign indicating the presence 
of the cyst (Fig. 2). All patients were hydrocephalic. 


MR Imaging 


The results of the MR examination are given in Table 1. 
The short TR/TE images showed less homogeneity in the 
content of the cysts than CT scans did (five cysts being 
heterogeneous), but the appearance in the peripheral part of 
the cyst was very similar to the CT findings in all but one 
case. The peripheral components could be divided into two 
equal groups of four iso- or slightly hypointense cysts (cases 
1 and 3-5) (Figs. 1B and 1C) and four hyperintense cysts 
(cases 2 and 6-8) (Figs. 3B, 3C, 4B, and 4C). 

The largest of the cysts (case 1) showed a fluid/fluid level 
in its main part (Fig. 1). All central dense parts found on CT 
could be seen on MR as appearing iso- or hypointense relative 


to brain parenchyma; similar structures could be seen in two 
other hyperintense cysts that could not be seen on CT (Figs. 
4B and 4C). 

The long TR/TE images showed an almost exact reversal 
of the pattern seen on short TR/TE images, at least in the 
peripheral part of the cysts. All the iso- or slightly hypointense 
cysts turned brightly hyperintense (Figs. 1D and 2B), and all 
except one of the hyperintense cysts turned iso- or hypoin- 
tense (Figs. 3D and 4D). 

The behavior of the central parts was the most striking; 
they all became more hypointense on long TR/TE images 
than on short TR/TE images, some of them even in an 
extreme way, raising the suspicion of a paramagnetic effect 
(Fig. 4D). 

One cyst, the only one to appear homogeneous on all 
imaging studies (case 8, Fig. 3), demonstrated a remarkable 
reduction in the signal intensity of its entire content on long 
TR/TE images, as if the substance responsible for the effect 
was spread diffusely in the colloid matrix, contrary to the 
pattern in all the other cysts. 

The size and shape of the cysts were measured more easily 
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Fig. 4.—Case 6. 

A, Unenhanced CT scan shows ho- 
mogeneous hyperintense mass in an- 
terosuperior third ventricle. 

B and C, Coronal (B) and midline 
sagittal (C) spin-echo MR images (600/ 
30) show intense signal from peripheral 
and superior part of cyst. Smaller cen- 
trally and caudally located part has 
lower signal than brain parenchyma. 

D, Coronal spin-echo MR image 
(2000/60). Signal in peripheral and su- 
perior part of cyst is isointense relative 
to brain parenchyma. Central part is 
very hypointense. 


C 


and accurately on MR than on CT. In two cases of isodense 
cysts on CT, the lesions were seen clearly only on MR (cases 
4 and 5). In one case the peripheral part was seen only on 
MR (case 3). 


Histopathology 


The cysts removed in toto always had a thin wall consisting 
of an inner layer of cuboidal or cylindrical cells and an outer 
layer of connective tissue including vessels. The inner content 
of the cysts was a homogeneous, amorphous eosinophilic 
substance with a few cells mostly of the macrophage type. 
No anatomic structure corresponding to the inner and outer 
parts seen on MR and CT could be identified. 

In three cases, no cholesterol crystals were found. Two 
cases were clearly positive; in a third case the amount of 
stereotaxically removed material was very small and of bad 
quality, which impaired the estimation of cholesterol content 
(Table 1). 

Iron staining did not show iron in the colloid, but small 
quantities were found in macrophages in the cyst walls and 
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around vessels in cases 1, 3, 6, and 8. There were no signs 
of recent or old hemorrhage. No calcification was observed 
in the colloid stroma or cyst wall. 


Elemental Analysis 


There were wide variations in the concentrations of different 
trace elements in the colloid of the cysts. The concentrations 
of the elements most interesting in MR and CT are given in 
Table 2. Calcium was significantly increased (two to eight 
times) in the tissue samples compared with the concentration 
in normal brain (p < .01, Wilcoxon Rank Sum Test). However, 
the increased calcium concentration did not correlate with 
increased density on CT, since the highest value was found 
in an isodense cyst (case 5) and the lowest in a strongly 
hyperdense cyst (case 6). 

When evaluating the other elements of interest as a group, 
there were no significant differences from normal brain tissue. 
When looking at individual values of the paramagnetic ele- 
ments, no pattern could be found supporting the theory that 
a paramagnetic effect of the metals was the cause of the 
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TABLE 2: Concentration of Trace Elements in Tissue Samples of Colloid Cysts 
SA LEN RE PS A AN ASAIN SGA A RB AE STA TEN ANE NITRIC PETE I E E 





Element (ug/g dry material) 
Case No. 
Calcium Chromium Manganese iron Nickel Copper Gadolinium 
1 1540 - 24.1 18 4.3 9.7 - 
2 990 - - 54 0.9 60.6 - 
3 1200 - 2.0 351 - 5.9 - 
5 2920 - - 225 43.6 23 - 
6 640 - - 37 - 13.6 - 
7 1120 - 2.8 45 - 9.5 - 
Normal brain 350 - 1.7 260 - 19 - 





Note.—Only elements of interest in MR and CT imaging are recorded. Dash (-) denotes below detection level 
(ppm). Normal values are given for comparison [18]. Concentration of calcium is significantly higher in tissue samples 
than in normal brain (p < .01); otherwise, no significant differences were found. 


signal pattern on MR. The concentration of iron was lower in 
all colloid samples than in normal brain, except in case 3, 
where it was somewhat elevated. Thus, the low signal (T2- 
shortening) in the central part of the cyst seen in cases 2, 3, 
6, and 8 (Table 1) could not be explained by the presence of 
iron. 


Discussion 


Several reports describe the appearance of colloid cysts of 
the third ventricle on CT [2, 5-11]. Most reports of MR studies 
describe single or a few cases [5, 14-16, 19] and do not 
include analysis of the content of the cysts. Moreover, there 
is some controversy about the density, contrast enhance- 
ment, signal pattern on MR, and homogeneity of the cysts. In 
our study, the majority of cysts (5/8) were of low density on 
CT, although some of them had components in the central 
part of increased density. Only three of eight were homoge- 
neously hyperdense. Two of these, which were evaluated 
histologically, showed a high cholesterol content. Cysts of 
low density in their peripheral part had a low cholesterol 
content at analysis. The high density could not be explained 
by high calcium content or high concentrations of other met- 
als, as shown by the different analyses performed (Tables 1 
and 2). Thus, the high density must be explained by other 
factors; that is, increased electron density in the cyst material, 
as suggested by Isherwood et al. [20]. It was possible to 
evaluate the isodense parts of the cysts only after their 
presence became known as a result of the MR examination. 
Unlike other authors [7, 9], we did not find any case exhibiting 
contrast enhancement of the cyst material. However, in one 
patient, enhancement of the thin capsule was observed (case 
4). In cases of isodense cysts there might be diagnostic 
difficulties. However, dilatation of the lateral ventricles in 
combination with a small third ventricle should lead to the 
correct diagnosis, as occurred in two of our cases (Fig. 2). 

The heterogeneous appearance of the colloid cysts was 
more apparent on MR than on CT. Only two cysts in our 
material were homogeneous on all sequences. The hetero- 
geneous appearance is not caused by any anatomic struc- 
tures since all cysts showed a uniform amorphous matrix 
surrounded by a thin capsule at histologic examination. The 
capsule is much too thin to represent the outer rim seen on 


MR, which has signal characteristics different from that of the 
center. The different signal patterns must then be explained 
by different chemical composition or a concentration gradient 
in the cyst. The high signal seen in the peripheral part on 
short TR/TE SE sequences in four cases might be explained 
by high cholesterol content, as has been described in crani- 
opharyngiomas and Rathke cleft cysts [21, 22], since two of 
the three cases examined had high cholesterol at histologic 
examination. in two cases with low signal in the peripheral 
part that were examined histologically, no cholesterol was 
found. However, in the third case with moderately increased 
signal on short TR/TE images, no high cholesterol content 
was found, and the high signal is therefore difficult to explain. 
The signal from the peripheral'part showed a reversed pattern 
on long TR/TE SE sequences in all cases except one in which 
a slightly increased signal on the short TR/TE sequence 
became more intense on the long TR/TE sequence. This was 
the same case (case 2) in which no cholesterol was found 
despite somewhat increased signal on short TR/TE images. 
The strong signal seen on long TR/TE SE sequences in cases 
of low signal on short TR/TE SE sequences in the peripheral 
part of the cyst could be explained by a protein-containing 
mucus in the cysts. 

The signal from the central part of the heterogeneous cysts 
showed an unusual pattern and was actually the reason why 
this study was initiated. All patients had low signal from this 
part of the cyst on long TR/TE SE sequences. In some cases 
the signal reduction was marked (Fig. 4D). On short TR/TE 
SE sequences the signal intensity was always stronger. This 
pattern has been observed by other authors, and it has been 
suggested that it could be caused by paramagnetic effects 
from metallic content in the cyst [16]. Our analysis of the cyst 
material does not support this theory, since we found no 
increase in iron or other metals causing a shortening of the 
T2 relaxation time. Another possible explanation of this phe- 
nomenon might be the presence of chemical compounds with 
free radicals [23, 24]. This mechanism has been suggested 
as the explanation of the shortening of T1 and T2 relaxation 
caused by the melanin in melanotic melanoma [25]. 

In summary, colloid cysts are often iso- or hypodense 
relative to brain on CT but sometimes have a center of 
increased density. There is a correlation between CT density 
and cholesterol content. The increase in density on CT is not 
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caused by calcium or other metals. Colloid cysts most often 
appear heterogeneous on MR despite a homogeneous ap- 
pearance at histology. This phenomenon is supposed to be 
caused by different chemical compositions or a concentration 
gradient in the cysts. High cholesterol content is associated 
with high signal on short TR/TE SE sequences. A marked 
shortening of the T2 relaxation is often noted in the center of 
the cyst. This phenomenon is not caused by the presence of 
metals with paramagnetic effects. 
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Book Review 





Pediatric Neuroimaging. By A. James Barkovich. (Vol. 1 in the series Contemporary Neuroimaging.) New York: 


Raven, 355 pp., 1990. $110 


Imaging of the infant or child with suspected neurologic disease 
has undergone a remarkable transformation during the last 5-10 
years. In particular, the advent of sophisticated MR techniques, 
surface coils, and paramagnetic contrast media has created a need 
for an up-to-date textbook to guide the radiologist who is faced with 
performing and interpreting these examinations. Pediatric Neuroim- 
aging is just such a text. 

As stated in the preface, the goal of this book is to provide a 
concise, readable guide to imaging of common pediatric neurologic 
problems. Although it is not intended to be encyclopedic, the treat- 
ment of the diseases discussed is neither sketchy nor superficial. 
Indeed, many unusual and rare entities are discussed, illustrated, or 
referenced, so a tremendous amount of useful information is at the 
reader’s fingertips. CT and MR imaging are emphasized, with other 
imaging techniques (sonography, myelography/CT, angiography) in- 
cluded where appropriate. A well-balanced perspective is used 
throughout the text, which realistically addresses both strengths and 
limitations of MR imaging in comparison with other imaging tech- 
niques. 

The text is organized into 11 chapters on the basis of major 
pediatric disease categories. After an introductory chapter on imaging 
techniques, subsequent chapters deal with a variety of diseases of 
the brain and spine. Each chapter includes pertinent etiologic, clinical, 
and anatomic information in addition to imaging information. A concise 
bibliography follows each chapter, with references throughout the 
text. A subject index at the conclusion of the text permits ready 
access to topics addressed in several chapters. The text is richly 
illustrated with high-quality current images. 

This text is largely the effort of one author; thus the chapters are 


organized in a consistent fashion with little redundancy. The chapter 
on normal development of the neonatal and infant brain is highlighted 
by a series of sequential MR and CT illustrations of normal premature 
and newborn infants. Included are descriptions of the developing 
corpus callosum, brain iron, and bone marrow of the skull base. The 
chapter on metabolic and destructive brain disorders includes a handy 
section entitled “A Simplified Approach to the Leukodystrophies,” 
along with discussions of demyelinating diseases, storage diseases, 
hypoxic ischemic encephalopathy, and trauma. The chapters on 
congenital malformations and phakomatoses are well referenced and 
succinct and include recent developments both in imaging and in 
classification of these disorders. Three excellent chapters include 
other authorities in neuroimaging as coauthors: “Brain Tumors of 
Childhood” (M. S. B. Edwards), “Congenital Anomalies of the Spine” 
(T. P. Naidich), and “Anomalies of Cerebral Vasculature” (V. V. 
Halbach). Other chapters discuss hydrocephalus, neoplasms of the 
spine, and infections of the nervous system. 

In summary, this superb text fills a significant gap in imaging of 
pediatric neurologic disease. This text is readable as a general source 
of information for the interested physician, yet is sufficiently detailed 
to serve as a ready reference on day-to-day clinical problems in 
pediatric neuroimaging. This text is a welcome addition to depart- 
mental and personal libraries of radiologists who are faced with 
evaluations of pediatric neurologic disorders. 
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MR Imaging of Pineal Tumors 


MR images of pineal region tumors were analyzed in 26 patients with histologically 
proved tumors: seven germ-cell tumors, six astrocytomas, five teratomas, three pineo- 
blastomas, two meningiomas, one dermoid, one epidermoid, and one metastasis. In an 
attempt to identify specific MR characteristics of these lesions, Gd-DTPA was adminis- 
tered to six patients. CSF and blood serum were assayed for alpha-fetoprotein (AFP) 
and human chorionic gonadotropin-beta subunit (HCG-) in 18 patients. MR findings 
were correlated with age, sex, the presence of biochemical tumor markers, and surgical 
outcome. We found that the most important factors in the determination of tumor type 
were the patient’s age and the tumor markers. Increased levels of both HCG-3 and AFP 
were specific for patients with malignant teratomas and undifferentiated germ-cell 
tumors. HCG-8 alone was elevated in the patient with choriocarcinoma; only AFP was 
elevated in the patient with an endodermal sinus tumor. Tumor markers were not present 
in other patients in this series. The tumor size and the presence of fat were also helpful 
in determining tumor type. Hemorrhage was rare, seen only in the patient with a 
choriocarcinoma. Gd-DTPA did not enhance diagnostic specificity but aided in the 
detection of tumor seeding through CSF. 

We conclude that, although MR is sensitive in the detection of pineal region tumors 
and provides superb anatomic detail, MR signal characteristics are usually nonspecific. 
Correlation with the patient’s age and the tumor markers significantly improves diag- 
nostic accuracy. 


AJNR 11:557-565, May/June 1990; AJR 155:143-151, July 1990 


Pineal region tumors constitute 3-8% of intracranial tumors in children [1] and 
0.4-1.0% of brain tumors in adults [2]. Although germinomas and astrocytomas 
account for the majority of tumors in this area, at least 17 histologically distinct 
tumor types may occur in the pineal region [3]. Advances in diagnostic and surgical 
techniques have significantly improved surgical outcome in these patients; none- 
theless, complete surgical resection of tumors in this region is extremely difficult. 
Chemotherapy and radiation remain the major therapeutic methods. It has been 
reported recently, however, that 36-50% of pineal tumors are either benign or 
radioresistant [1, 4]. Because the different pineal tumors require different combi- 
nations of chemotherapeutic agents and radiation for optimal therapy, accurate 
assessment of tumor histology and accurate means of following tumor response 
are essential for optimal therapy. We retrospectively reviewed the MR studies of 
26 patients with histologically proved pineal region tumors treated between 1984 
and 1988 at the University of California, San Francisco. Eighteen of them had 
assays of blood serum and CSF for human chorionic gonadotropin—beta subunit 
(HCG-8) and alpha-fetoprotein (AFP); the results of these assays are correlated 
with imaging and histologic findings. 


Materials and Methods 


MR imaging studies of 26 patients (22 males and four females) with histologically proved 
pineal region tumors were reviewed retrospectively. The patients were 3 months to 70 years 
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TABLE 1: Serum Tumor Markers Assayed in 18 Patients with Pineal Tumors 


er n AE ET TE AE EE 








No. Elevated Elevated Both Neither 

Type of Tumor Assayed AFP HCG- Elevated Elevated 
Germinoma 4 0 0 0 4 
Malignant teratoma 4 0 0 2 2 
Endodermal sinus tumor 1 1 0 0 0 
Choriocarcinoma 1 0 1 0 0 
Undifferentiated germ-cell tumor 1 0 0 1 0 
Astrocytoma 4 0 0 0 4 
Teratoma 1 0 0 0 1 
Pineoblastoma 2 0 0 0 2 
Total 18 1 1 3 13 





Note.—AFP = alpha-fetoprotein; HCG-8 = human chorionic gonadotropin-beta subunit. 


TABLE 2: Summary of Patients with Pineal Tumors 





Tumor 





MR Characteristics 








Size : 
Type/ Age Sites of Inva- Fat or Hydro- Spread 
Case (years) Sex Symptoms ol sion Blood T1 T2 cephalus in CSF 
No. ape 
Germinoma 
1° 19 M PS, Di 2.5 x 1.5 x 2.5/ Pineal region, No Isointense rel- Slightly hyperin- a Yes?° 
lobulated tectum ative to GM; tense relative 
small cystic to GM 
necrotic 
area 
2 10 M PS,DI 15x16 1.5 Pineal region, No Isointense Slightly hyperin- — Yes” 
tectum, teg- tense relative 
mentum to GM 
3 17 F Headache, 2x2 x 2/round Tectum, teg- No iscintense Slightly hyperin- - No 
impo- mentum, thal- tense relative 
tence amus, mid- to GM 
brain 
44 20 MPS, DI 1.5 x 1.5 x 1.5/ Tectum, poste- No Isointense with Slightly hyperin- + Yes? 
lobulated rior commis- multiple tense relative 
sure small cysts to GM 
Astrocytoma 
5 8 M Headache, 2 x 2 x 2/round Tectum, teg- No isointense Hyperintense - No 
diplopia mentum 
6 8 M Headache, 2.7X2.7*2/ Tectum, teg- No Isointense with Hyperintense = No 
diplopia round mentum, thal- small low- 
amus signal cysts 
7 18 M Headache, 2 x 2 x 2jovoid Tectum, teg- No iscintense Hyperintense + No 
nausea mentum 
8 35 F Headache 2x2 x 2/ovoid Tectum No Hypointense, | Hyperintense + No 
cystic 
9 36 M Headache 1.51.5 2/  Chorioid fissure, No Hypointense Hyperintense — No 
round tectum, supe- 
rior vermis 
10° 14 M Headache 33x 2.5/ Tectum No isointense Hyperintense + No 
round 
Pineoblastoma 
11 0 M Increased 4.3 x 3x 2/lob- Tectum No Isointense, Iso- to slightly + No 
head ulated small cystic hyperintense 
girth necrotic 
area 
12 4 M Headache, 2x 3x 2/lobu- Tectum, vermis No isointense iso- to slightly + No 
visual lated hyperintense 
disturb- 
ance 
13° 66 F Headache, 4x 4x 4/lobu- Tectum, thala- No Hypointense Iso- to slightly + No 
nausea, lated mus, R cor- hyperintense 
vomiting pus callosum, 
tegmentum 
Undifferentiated germ-cell tumor 
14 9 M Headache 2x 2x 3/ovoid Tectum, bilat- No Isointense Hyperintense + No 
eral tegmen- 


tum, thalamus 
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TABLE 2—Continued 
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ki ia a a aaan TY 
MR Characteristics 


Tumor 








Size z 
Type/ Age Sites of Inva- Fat or Hydro- Spread 
oe (years) Sex Symptoms als sion Blood Ti T2 cephalus in CSF 
Endodermal sinus tumor 
15 16 M Headache 2x2 x 2/round Midbrain, thala- No Isointense Inhomogene- + Na 
mus ous, hyperin- 
tense 
Choriocarcinoma 
16 16 M nemit- 2.5x2.5x3/ Tectum, teg- Yes Hyperintense Hyperintense + No 
tent ovoid mentum, cor- (blood) 
head- pus callosum 
ache 
Dermoid 
17 18 M Headache 3x4 x 4/ovoid No invasion Yes (fat) Hyperintense _Isointense = No 
with calcifi- 
cations 
Epidermoid 
18 52 M Person- 3 x 3 x 2.5/lob- irregular dis- No Hypointense Hyperintense = No 
ality ulated placement 
change 
Meningioma 
19 70 F Headache 2x2 x2.5/ Displaced cor- No Isointense; cal- Hyperintense + No 
round pus callosum cifications 
20 50 M  Asymp- 2x2x3.5/ Displaced cor- No Isointense lsointense + No 
tomatic round pus callosum 
Metastasis, oat-cell carcinoma of lung 
21 68 M Metas- 1.5 x 2.5 x 1.5/ Tectum No Hypointense Isointense + No 
tasis _ ovoid 
workup 
Teratoma 
22 17 M Headache 4x3 x 2.5/ No invasion Yes (fat) Mixed high & Hyperintense + No 
ovoid low signal with low sig- 
nal 
Malignant teratoma 
23 7 M Headache, 6 x 6 x 6.5/ Tectum, cere- No Slightly hy- Heteroge- + No 
diplopia ovoid bellar hemi- pointense neous, hy- 
papille- sphere, mid- perintense 
dema brain, thala- 
mus 
24 8 M Headache 2X 2x 2firreg- Tectum, teg- No inhomoge- Inhomogene- + No 
ular cyst mentum neous, hy- ous hyperin- 
pointense tense 
25° 15 M Headache, §x 3x 2/irreg- Tectum, floorof No Slightly hy- Hyperintense + Yes! 
PS ular third ventricle pointense 
26 18 M Headache, 3x 4x 2.5/ir- | Tectum, bilat- No Slightly hy- Hyperintense + No 
nausea regular eral tegmen- pointense 
tum, thala- 
mus, L cho- 
roid fissure, L 


temporal horn 





Note.—PS = Parinaud syndrome; DI = diabetes insipidus; GM = gray matter; R = right; L = left. 


* Gd-DTPA was administered in this patient. 
> Thickened pituitary stalk with absence of high signal intensity of posterior pituitary lobe on T1-weighted images, compatible with subependymal metastasis to 


hypothalamus and pituitary. 


° Subependymal metastasis with bright signal at left frontal horn and right trigone, which enhanced with Gd-DTPA. 
4 CSF metastases noted in spinal canal by Gd-DTPA-enhanced MR. 


ald (mean, 23.5 years). At presentation, most patients (19/26) had 
headaches, seven patients had abnormal eye movements (including 
four patients with Parinaud syndrome), and three patients had dia- 
betes insipidus. 

Most of the MR images (23/26) were obtained on a 1.5-T super- 
conductive imager (Signa, General Electric, Milwaukee, WI) using 
standard protocols. Sagittal spin-echo (SE) images were obtained by 
using a sequence of 600/20/2 (TR/TE/excitations). Axial images were 
obtained by using an SE 2500-2800/30-80 sequence. Additional SE 


600/20 images were obtained after infusion of Gd-DTPA in six 
patients, Three patients were studied with a 0.35-T Diasonics MT/S 
scanner; sagittal SE 500/30 and axial SE 2000/40-80 images were 
obtained. All images were acquired with the use of a standard head 
coil, 256 x 256 matrix, 20-cm field of view, and 3- to 5-mm slice 
thickness. A 1-mm gap was used on short TR sequences and a 2.5- 
mm interslice gap was used on long TR sequences. 

The size, shape, location, local invasion (lack of clear-cut tissue 
planes between tumor and adjacent structures), and signal charac- 
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teristics of each tumor were carefully correlated with patient's de- 
mographic information and histopathologic results. Signal intensities 
of tumors were compared with those of the hemispheric white or 
gray matter on short TR/short TE and long TR/long TE pulse se- 
quences. The CSF and blood serum tumor markers (AFP [normal, 
<5 ng/ml] and HCG-@ [normal, <2 ng/ml]) were assayed in 18 
patients and the results were correlated with the histopathologic 
diagnosis in these patients. 


Results 
Tumor Markers (Table 1) 


The patient with choriocarcinoma had extremely elevated 
(2300 ng/ml) HCG-@ levels in serum and CSF but normal AFP 
levels. Both HCG-8 and AFP levels were elevated in two of 
four patients with malignant teratomas and in the patient with 
an undifferentiated germ-cell tumor. Tissue from the other 
two patients with malignant teratoma stained positive for both 
HCG-8 and AFP but neither CSF nor serum levels were 
elevated. AFP levels were elevated but HCG-8 levels were 
normal in the patient with an endodermal sinus tumor. All 
tumor markers were normal in germinomas, astrocytomas, 
pineoblastomas, the benign teratoma, the dermoid, and epi- 
dermoid tumors in this series. 


MR Characteristics (Table 2) 


Hydrocephalus was present in 18 patients; it was conspic- 
uously absent in three of the four germinomas, three of the 
six astrocytomas, and the single epidermoid and dermoid 
tumors. Hydrocephalus was diagnosed by the presence of 
enlarged ventricles or ventriculostomy tubes. 

Germinomas.—This group comprised four adolescent 
males (average age, 17 years old). All masses were isointense 





Fig. 1.—Case 1: Hypothalamic metastasis from pineal germinoma. 
A, Sagittal SE 600/20 image reveals 2.5 x 1.5 x 2.5 cm lobulated mass in pineal region (open arrows) that is isointense relative to gray matter, with 
small cystic necrotic areas. Pituitary infundibulum is thickened (solid arrow) and high signal intensity of posterior pituitary is absent, consistent with history 
of diabetes insipidus. 
B, Sagittal SE 600/20 image after infusion of Gd-DTPA shows heterogeneous enhancement of pineal mass (open arrows) and enhancing nodule in 
median eminence (solid arrow). 
C, Coronal SE 600/20 image after infusion of Gd-DTPA reveals enhancing subependymal metastatic nodule (arrow) at right trigone. 
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relative to normal white matter on T1-weighted images and 
slightly hyperintense relative to white matter on T2-weighted 
images. In two of the four patients, some small cystic areas 
were noted (Fig. 1A); in the other two, the masses were 
homogeneous. All the masses invaded the tectum. Three 
patients had evidence of CSF spread to the infundibular 
recess of the third ventricle; all three had diabetes insipidus 
and Parinaud syndrome at initial presentation. Hydrocephalus 
was present in one of these three patients. Gd-DTPA was 
given to one patient; the pineal mass enhanced intensely and 
heterogeneously (Fig. 1B). Furthermore, enhancing subep- 
endymal metastases were seen in the hypothalamus, left 
frontal horn, and right trigone (Fig. 1C). 

Benign teratoma.—One patient, a 17-year-old male boy, 
had an ovoid mass with areas of heterogeneous high and low 
signal intensity on T1-weighted images (Fig. 2A). On T2- 
weighted images the mass showed heterogeneous high signal 
intensity. Foci of calcification noted on CT (Figs. 2B and 2C) 
were represented by low signal on both T1- and T2-weighted 
images. There was no evidence of local invasion. 

Malignant teratoma.—These tumors were found in four 
boys (average age, 12 years). Two of the four masses were 
large (greater than 5 cm in at least one dimension). The other 
two masses were smaller but irregular in shape. They were 
all heterogeneous and hypointense relative to brain with areas 
of low signal intensity on T1-weighted images and areas of 
high signal intensity on T2-weighted images (Fig. 3). This 
heterogeneous component represented a mixture of foci of 
calcification and/or cystic-necrotic areas detected by prior CT 
studies. These tumors all invaded the tectum and tegmentum 
(Fig. 3A). The largest one invaded the cerebellum, thalamus, 
midbrain, and cerebral hemisphere (Fig. 3). The second largest 
one filled the entire third ventricle and had CSF metastases 
to the lumbar spinal canal. 





C 
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Fig. 2.—Case 22: Benign teratoma. 
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A, Sagittal SE 600/20 image shows oval mass in pineal region and third ventricle (arrows) with heterogeneous areas of high and low signal intensity 


within it. 


B and C, Unenhanced CT scans show calcification and fatty components within mass. 


Fig. 3.—Case 23: Malignant teratoma. 

A, Sagittal SE 600/20 image shows large lob- 
ulated pineal mass (arrows), which is hypoin- 
tense relative to gray matter with some foci of 
low signal intensity. Tumor invades tectum, teg- 
mentum, cerebellum, and corpus callosum. 

B, Axial SE 2800/80 image shows slightly 
heterogeneous, hyperintense mass invading left 
lateral ventricle and thalamus. 


Endodermal sinus tumor.—One patient, a 16-year-old boy, 
had a round mass that was isointense relative to white matter 
on T1-weighted images. On T2-weighted images, a hetero- 
geneous high signal intensity was noted. The tumor invaded 
the midbrain and thalamus. 

Choriocarcinoma.—One patient, a 16-year-old boy, had an 
infiltrating mass that was heterogeneous with a large hemor- 
rhagic component on T1- and T2-weighted images; angiog- 
raphy showed neovascularity with multiple small areas of 
aneurysmal dilatation (Fig. 4). The mass invaded the tectum, 
tegmentum, splenium of the corpus callosum, and lateral 
ventricle. 

Undifferentiated germ-cell tumor.—One patient, a 9-year- 
old boy, had an ovoid mass that was isointense relative to 
gray matter on T1-weighted images and hyperintense on T2- 
weighted images. Invasion of the tectum and tegmentum was 
noted. 





Astrocytomas.—This group comprised five males (average 
age, 17 years old) and one 35-year-old woman. One of the 
six astrocytomas was cystic, invaded the mesencephalic 
tectum, and caused hydrocephalus (Fig. 5). The mass was 
hypointense relative to gray matter on T1-weighted images 
and hyperintense on T2-weighted images. The other five 
masses were round or ovoid, either iso- or hypointense 
relative to gray matter on T1-weighted images, and hyperin- 
tense on T2-weighted images (Fig. 6). They all invaded the 
tectum and/or tegmentum. 

Pineoblastomas.—The patients with pineoblastomas in- 
cluded two boys (6 months and 4 years old) and one 66-year- 
old woman. Two of these masses were large, with one 
dimension 4 cm or greater. These lobulated masses all had 
several cystic-necrotic areas. The solid portions of the tumors 
were nearly isointense relative to gray matter on T1- and T2- 
weighted images. They invaded thalamus (1/3), tectum (3/3), 
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Fig. 4.—Case 16: Choriocarcinoma. 


A, Sagittal SE 600/20 image shows hyperintense pineal region mass (arrows) infiltrating splenium of corpus callosum and lateral ventricle. 
B, Coronal SE 2800/80 image shows heterogeneous high- and very-low-signal mass with infiltration into tectum and tegmentum. High and low signal 
was due to hemorrhagic component found at surgery. 


C, Lateral projection of vertebral arteriogram shows multiple small areas of aneurysmal dilatation in this mass (arrows). Arterial supply was mainly from 
posterior choroidal arteries. 





Fig. 5.—Case 8: Astrocytoma (moderately an- 
aplastic). 

A, Sagittal SE 600/20 image shows ovoid pi- 
neal region mass involving tectum (arrows) with 
hypointense central component. Aqueduct is 
compressed and marked obstructive hydroceph- 
alus is present. 

B, Axial SE 2000/80 image. Mass is hyperin- 
tense relative to gray matter and CSF. Central 
component was found to be cystic at surgery. 


Fig. 6.—Case 7: Astrocytoma (moderately an- 
aplastic). 

A, Axial SE 600/20 image shows isointense, 
bulbous mass involving tectum and obliterating 
aqueduct. Mild dilatation of temporal horns from 
obstructive hydrocephalus is seen (arrows). 

B, Axial SE 2800/80 image better defines 
mass, which has prolonged T2 relaxation. 
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tegmentum (1/3), corpus callosum (1/3), and cerebellar vermis 
(1/3). The female patient received Gd-DTPA, resulting in 
homogeneous tumor enhancement (Fig. 7). 

Meningiomas.—These two patients (a 70-year-old woman 
and a 50-year-old man) had round masses that were isoin- 
tense relative to gray matter on T1-weighted images and iso- 
to slightly hyperintense relative to gray matter on T2-weighted 
images. One of the two masses had an area of calcification, 
detected by CT, which was of low signal intensity on both 
T1- and T2-weighted images. The masses smoothly displaced 
the splenium of the corpus callosum without evidence of 
invasion (Fig. 8). 

Metastasis.—The mass in this one patient, a 68-year old 
man with oat cell carcinoma of the lung, was hypointense 
relative to gray matter on T1-weighted images, was isointense 
relative to gray matter on T2-weighted images, and invaded 
the tectum. 

Dermoid.—This large ovoid pineal region mass was present 
in one patient. It was hyperintense relative to gray matter on 
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T1-weighted images and isointense on T2-weighted images, 
consistent with the lipid character of the lesion (Fig. 9). There 
was displacement of the corpus callosum and tectum, but no 
evidence of invasion. 

Epidermoid.—The lobulated mass found in one patient was 
of very low signal intensity on T1-weighted images and was 
hyperintense relative to gray matter (generally isointense rel- 
ative to CSF) on T2-weighted images with some heteroge- 
neity on both. Irregular displacement of surrounding struc- 
tures was noted (Fig. 10). 


Discussion 


Pineal region tumors constitute 3-8% of intracranial tumors 
in children [1] and 0.4-1% of brain tumors in adults [2]. When 
these tumors occlude the cerebral aqueduct, obstructive hy- 
drocephalus with intracranial hypertension results. If the su- 
perior colliculus and pretectal areas are involved, character- 
istic ophthalmologic signs develop: impairment of upward 





Fig. 7.—Case 13: Pineoblastoma. 


A, Sagittal SE 600/20 image shows large, slightly hypointense mass (arrows) in pineal region, 
infiltrating splenium of corpus callosum, tectum, tegmentum, and superior vermis. Note irregular, 
poorly defined splenium-tumor junction. Low-intensity, necrotic foci were seen on parasagittal 


images. At surgery, invasion of splenium was found. 


B, Sagittal SE 600/20 image after infusion of Gd-DTPA shows homogeneous enhancement of 


mass. 


Fig. 9.—Case 17: Dermoid. 

A, Sagittal SE 600/20 image reveals large 
pineal mass that is hyperintense relative to brain 
with foci of very low signal; corpus callosum is 
displaced but not invaded. Foci of low signal 
were proved at surgery to be calcification. 

B, On axial T2-weighted SE 2800/80 image, 
mass is isointense relative to white matter. Short 
T2 is consistent with lipid and is characteristic 
of dermoids. 


Fig. 8.—Case 20: Meningioma. Sagittal SE 600/ 
20 image shows round, isointense mass (arrows) 
in pineal region, displacing but not invading splen- 
ium of corpus callosum and tectum. Tissue planes 
are well preserved (compare with Fig. 7). Mild 
obstructive hydrocephalus is noted 
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gaze, abnormalities of the pupil, paralysis or spasm of con- 
vergence, and nystagmus retractorius; this is the so-called 
sylvian aqueduct syndrome. Parinaud syndrome, the paralysis 
of upward gaze, is caused by compression or invasion of the 
mesencephalon just ventral to the aqueduct and caudal to 
the posterior part of the third ventricle. When there is supra- 
sellar involvement, diabetes insipidus is a common presenta- 
tion; less common symptoms include precocious puberty or 
delayed onset of sexual maturation. 

Because pineal region tumors are among the most danger- 
ous intracranial masses to excise completely, early attempts 
at surgery in this location produced high mortality and mor- 
bidity rates; the early literature therefore reflects a strong bias 
for treatment that is limited to ventricular shunting followed 
by radiation therapy [4-8]. However, at least 17 histologically 
distinct tumor types may occur in the pineal region [3], 
approximately 10% of which are benign (including cysts, 
lipomas, pineal cysts, and meningiomas). Another 5-10% are 
relatively benign and not responsive to radiation. In fact, it 
has been reported recently that 36-50% of pineal tumors are 
either benign or are radioresistant [1, 4]. Furthermore, as a 
result of advances in microsurgical techniques, the mortality 
and morbidity rates associated with pineal region surgery 
have diminished significantly. Biopsy before the initiation of 
therapy has therefore been recommended in the more recent 
surgical literature [1, 3, 9]. 

The optimal therapy for different pineal tumors is different 
combinations of surgery, chemotherapy, and radiotherapy, 
the exact combination being dependent on tumor histology. 
However, tumors with complex and mixed histologic patterns, 
which are common in the pineal region, make diagnosis by 
needle biopsy inaccurate. Moreover, the complex nature of 
the tumors in this region makes the imaging characteristics 
nonspecific, as has been evident from the CT literature [10, 
11]. 

MR has provided a marked improvement in the localization 
and characterization of tumors as a result of facile multiplanar 
imaging and superior tissue contrast and resolution [12, 13]. 
In a few instances in our series, the correct histologic diag- 
nosis could be deduced on the basis of MR findings, such as 
tumor size and signal characteristics, and clinical findings, 
such as patient age, sex, and presenting symptoms. Gd- 
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Fig. 10.—Case 18: Epidermoid. 

A, Sagittal SE 600/20 image shows lobulated, 
hypointense mass (arrows) in pineal region, 
which has slight internal heterogeneity. Aque- 
duct was not identified, but there was no evi- 
dence of hydrocephalus. 

B, Axial SE 2000/80 shows mass is generally 
isointense relative to CSF with heterogeneity. 


DTPA administration facilitated the detection of the subep- 
endymal or “drop” spinal metastasis in malignant pineal tu- 
mors, making the staging of the tumor much more accurate 
but did not aid in diagnostic specificity. 

The following observations are of some importance in the 
MR diagnosis of pineal region tumors. Pineoblastomas and 
malignant teratomas tended to be large (>4 cm) and irregular 
in shape, differentiating them from most other tumors, which 
were round or ovoid and about 2-3 cm in diameter at pres- 
entation. Only the dermoid and benign teratoma had a char- 
acteristic fat signal; surprisingly, fat was not seen in any of 
the malignant teratomas. That hemorrhage was recognized 
only in the single choriocarcinoma was not surprising in view 
of their propensity to bleed; the presence of hemorrhage 
seems rather specific and should suggest choriocarcinoma. 
Round, well-defined, homogeneous tumors displacing the 
surrounding structures without invasion in an older individual 
will most likely be meningiomas, whereas tumors clearly 
originating from the mesencephalon or surrounding temporal 
lobes are most likely gliomas. Young boys with diabetic 
insipidus and Parinaud syndrome usually have a pineal region 
tumor with subependymal metastasis to the hypothalamus; 
statistically, these are most likely germinomas. Overall, how- 
ever, because of the tendency of most of these neoplasms 
to invade surrounding structures and because of the fre- 
quently mixed histology of the germ-cell tumors, histologic 
diagnosis without biopsy is unreliable. 

It should be noted that the MR detection and differentiation 
of hemorrhage, calcification, and fat are complex. Hyperin- 
tensity on short TR scans may be seen in association with 
any intensity on long TR scans in hemorrhage, depending on 
the stage of evaluation of the hemorrhage [14]. Thus, the 
presence of hyperintensity on short TR images and hypoin- 
tensity on long TR images, which is typical of fat, may rarely 
be seen in hemorrhage, although some hyperintensity is 
usually present on the long TR images [14]. Moreover, der- 
moids may occasionally be bright on both short TR and long 
TR images, and high signal on short TR images may be 
produced by high protein concentration [15]. Furthermore, 
foci of low signal intensity on both SE and gradient-echo MR 
images may be the result of chronic hemorrhage as well as 
calcium. The use of fat-suppression techniques [16] may be 
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helpful in the differentiation of fat from blood; however, on 
occasion, CT may be useful as an adjunct to MR in making 
this differentiation. 

Our understanding of the pathology of brain tumors has 
increased considerably in recent years as a result of the 
discovery of biochemical markers that can be demonstrated 
in serum, CSF, and neurosurgical tissue specimens by im- 
munocytochemical techniques. HCG-8 and AFP are specific, 
useful markers for pineal region tumors. Choriocarcinomas or 
germ-cell tumors with syncytiotrophoblastic giant cells can 
produce HCG-8 and stimulate the testes to produce testos- 
terone, resulting in pseudoprecocious puberty [17-19]. Ele- 
vated CSF or serum levels of AFP with normal HCG-¢ always 
suggest a malignant germ-cell tumor, most often endodermal 
sinus tumor [8, 20-22]. Elevation of both markers can be 
seen in embryonal cell carcinomas, malignant teratomas, or 
mixed germ-cell tumors [3, 22]. Both CSF and serum AFP 
and HCG-6 levels can be used as indicators of the efficacy of 
various treatments and as a check on the recurrence or 
tumors [14, 21, 23-25]. 

Until recently, germinomas, the most common intracranial 
germ-cell tumors [26], had not been identified as having a 
specific biochemical tumor marker [14, 27, 28]. However, 
serum and CSF values of placental alkaline phosphatase have 
recently been suggested as specific tumor markers for ger- 
minomas, especially with the highly sensitive enzyme-linked 
immunosorbent assay method [29, 30]. Although there are 
no biologic tumor markers to diagnose pineal parenchymal 
tumors, assay for the pineal hormone melatonin (MLT), which 
is secreted in a circadian rhythm with high serum levels during 
the daytime, may be useful. Both parenchymal and nonparen- 
chymal tumors may interfere with the regulatory mechanisms 
of producing MLT. Thus, before surgery, MLT deficiency 
rather than exaggerated serum levels may be used as a 
marker for nonspecific pineal tumors that destroy the pineal 
gland. After turnor resection, serum MLT may serve to dem- 
onstrate complete pinealectomy [14, 31]. Elevation of CSF 
polyamine (putrescine and spermidine) in malignant brain tu- 
mors of childhood, especially primitive neuroectodermal tu- 
mors, has been reported [32]. 

In conclusion, although MR is sensitive in the detection of 
pineal region tumors and provides superb anatomic detail, the 
tumor signal characteristics are usually nonspecific. Correla- 
tion with the patient's age and tumor markers significantly 
improves diagnostic accuracy. Imaging both before and after 
administration of IV paramagnetic contrast material in six of 
our cases improved tumor staging but did not appear to 
significantly improve diagnostic accuracy. A combination of 
MR, biopsy, and assay for tumor markers is necessary for 
optimal diagnosis and management. 
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Book Review 





Magnetic Resonance Imaging in Multiple Sclerosis. An Atlas of Diagnosis and Differential Diagnosis. By Jürg 
Kesselring, lan E. C. Ormerod, David H. Miller, E. P. George H. du Boulay, and W. lan McDonaid. New York: 
Thieme, 93 pp., 1989. 98 DM 


Multiple sclerosis is a fascinating disease with a myriad of clinical 
presentations and multiple differential diagnostic considerations. 
Much has been written about its MR appearance, emphasizing such 
areas as temporal changes and contrast enhancement. This brief text 
is an excellent compilation and illustration of much of the known MR 
data on the lesions of this disease. 

The book is well organized. It starts with a brief introduction of the 
principles of MR imaging and illustrations of normal imaging charac- 
teristics and appearances of gray matter, white matter, and CSF. 
This is followed by illustrations of the more typical appearances of 
the lesions of multiple sclerosis and of some of the atypical MR 
presentations of this disease. The discussions of the temporal 
changes seen on MR and the variability of the MR appearance and 
the illustration of the enhancement variability and temporal relation- 
ships of multiple sclerosis plaques to such enhancement are handled 
especially adeptly. A chapter devoted entirely to differential diagnostic 
considerations follows. Additional chapters highlight MR imaging of 
the optic nerve, brainstem, and spinal cord; each of these also 
discusses differential diagnoses for the appropriate anatomic region 


The authors rely heavily on teaching by example; scores of clinical 
cases, images, tables, and illustrations are used throughout the book. 
Clinical history, so necessary in the discussion of multiple sclerosis 
and its differential diagnostic considerations, is provided for each 
case presented. The accompanying text and tables are concise and 
highly readable and are well matched to the points and figures being 


A few negative points should be mentioned. The quality of the 
images throughout the text (acquired on a 0.5-T superconducting 
system) ranges from excellent to adequate to barely acceptable. | 
stress, however, that the images are almost invariably more than 
adequate to convey the information being discussed. The physics 
principles taught in the introductory chapters emphasize parameters 
that apply to lower field imaging systems and might not be as 
appropriate for higher field systems. In addition, referring to a 500/ 


40 (TR/TE) sequence as a T1-weighted study, especially for imaging 
systems available in 1990, is somewhat misleading. Although the 
book has discussions and illustrations on spin-echo and inversion- 
recovery imaging techniques, it has none at all on gradient-recalled- 
echo imaging of multiple sclerosis. Such sequences obtained by using 
various flip angles and TR and TE values have been applied to the 
evaluation of this disease and were discussed in international meet- 
ings more than 3 years ago; they are used commonly in clinical MR 
studies today. | consider the absence of this topic a somewhat 
unfortunate limitation of this text. In addition, for a text as brief and 
as specialized as this one, it might have been appropriate to include 
a chapter dedicated entirely to the historical perspectives of this 
disease, its clinical history and physical findings, the laboratory and 
other tests available for diagnosis, and the role and relative values 
played by imaging and other studies in this process. Although briefly 
introduced in chapter 4 and discussed again in chapter 9, a more 
elaborate discussion of the state of the art of the diagnosis of multiple 
sclerosis, including a listing of the Poser Committee criteria and how 
they have been addressed and changed with the advent of MR 
imaging, would have been useful. 

It should be stressed that the authors maintain a practical approach 
throughout this clearly written, concise, and highly informative text. 
They successfully impart a considerable amount of data in a small 
volume in a highly readable manner. | am impressed with the text 
from a scientific and educational point of view, and if it were priced 
in the $25 to $35 range, | would recommend it strongly to all radiology 
residents and fellows as well as to anyone who performs and inter- 
prets neuroradiologic MR examinations. However, at the suggested 
retail price of 98 DM (approximately $60), | fear that this text will find 
its way only into the hands of those few who are most interested in 
multiple sclerosis and its MR characteristics. 
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Recurrent Medulloblastoma: 
Frequency of Tumor Enhancement on 
Gd-DTPA MR Imaging 


Thirty-two children with medulloblastoma were evaluated postoperatively with con- 
ventional and gadolinium-enhanced MR imaging. Eleven patients had abnormal cranial 
MR studies; nine of these had recurrent tumor. In six patients recurrent tumor enhanced 
with Gd, while in the other three patients recurrent tumor did not enhance. The remaining 
two patients had areas of abnormal Gd enhancement that were caused by radiation- 
induced breakdown of the blood-brain barrier rather than by recurrent tumor. 

This study shows that not all recurrent medulloblastoma enhances and that the 
absence of Gd enhancement does not necessarily indicate the absence of recurrent 
tumor. 


AJNR 11:583-587, May/June 1990; AJR 155:153-157, July 1990 


Initial reports. describing the use of MR imaging in children with brain tumors 
have suggested that the use of gadolinium (Gd) improved the accuracy of MR in 
the diagnosis of recurrent or residual tumor [1, 2]. We undertook a study with Gd- 
enhanced MR imaging in children with recurrent medulloblastoma to examine the 
enhancement pattern of this tumor and to determine if the use of Gd would have 
a significant effect on MR results in this clinical setting. 


Materials and Methods 


Between July 1988 and June 1989 we examined 32 children, 18 months to 16 years old, 
who had been treated for medulloblastoma. All tumors were initially located in the fourth 
ventricle. All patients had undergone previous surgical resection followed by radiotherapy 
and/or chemotherapy; 28 patients were undergoing routine follow-up examinations and four 
patients had progressive neurologic complaints that suggested tumor recurrence. 

MR was performed on a 0.35-T superconducting magnet (Diasonics MT/S, Milpitas, CA). 
Precontrast studies included T1-weighted spin-echo images, 500/30/2 (TR/TE/excitations), 
in the sagittal and axial planes and T2-weighted images (2500/40,80/2) in the axial and/or 
coronal planes with a pixel size of 0.95 mm and an image matrix of 256 x 256. Informed 
consent for the use of Gd was obtained under the guidelines of the Institutional Review Board 
of the University of Texas Southwestern Medical Center. Following slow IV administration of 
Gd-DTPA (Berlex Laboratories, Cedar Knolls, NJ) in a dose of 0.1 mm/kg body weight, T1- 
weighted sagittal, axial, and/or coronal images were acquired. 

Twenty-seven patients also had head CT scans within 72 hr of MR imaging. The usual CT 
examination consisted of 10-mm nonenhanced axial images. After bolus administration of 
iodinated contrast material in a dose of 2 ml/kg body weight, 5-mm contiguous axial sections 
were taken. 


Results 


Eleven of the 32 patients evaluated had abnormal cranial MR studies (Table 1). 
Nine patients had recurrent medulloblastoma; of these, six recurrent tumors 


154 ROLLINS ET AL. AJR:155, July 1990 


TABLE 1: Recurrent Medulloblastoma: Patterns of Enhancement 


pS 


Enhancement on 





ag Site of Recurrence Gd-Enhanced oe ent Comment 
: MR Imaging 
1 4th ventricle No No Routine follow-up; on chemotherapy; 
biopsy proved 
2 Right frontal lobe No No Routine follow-up; off chemotherapy; 
biopsy proved 
3 4th and lateral ventricles No No Routine follow-up; on chemotherapy 
4 4th, 3rd, and lateral Moderate enhancement in No Routine follow-up; on chemotherapy 
ventricles 4th ventricle, nonen- 
hancing tumor in lateral 
and 3rd ventricles 
5 4th ventricle and lepto- Yes N/A Symptomatic recurrence; off chemo- 
meninges therapy 
6 4th ventricle and lepto- Yes Yes Tumor progression; on chemotherapy; 
meninges positive CSF cytology 
7: 4th ventricle and lepto- Yes Yes Tumor progression; on chemotherapy; 
meninges positive myelogram 
8 Suprasellar cistern Yes No Routine follow-up; chemotherapy; posi- 
tive myelogram 
9 Right frontal horn Yes No Biopsy proved 
10 Abnormal enhancement in Yes N/A Resolved 3 months later without therapy 
occipital white matter 
11 Abnormal enhancement in Yes Minimal Radiation necrosis 


occipital white matter 





Note.—N/A = not available. 


A 


Fig. 1.—Case 1. 





C 


A, Spin-density MR image (2500/40) shows nodule projecting into fourth ventricle, which had shown no change over 2 years. Biopsy-proved recurrence. 
B and C, The nodule (arrow) failed to enhance with either Gd-enhanced MR (B) or CT (C). 


enhanced and three showed no enhancement with Gd. Two 
patients had areas of abnormal Gd enhancement that sub- 
sequently resolved and were attributed to radiation-induced 
breakdown of the blood-brain barrier. There were no cases in 
which tumor enhanced by CT and not with Gd-enhanced 
imaging. Five of the six patients with enhancing tumors were 
receiving chemotherapy at the time of the examination. Two 
of the three patients with nonenhancing recurrent medullo- 


blastoma on Gd-enhanced MR imaging were on chemother- 
apy. No patients were receiving exogenous steroids. 

In case 1, recurrent tumor in the posterior fossa had been 
present unchanged for the preceding two years. No enhance- 
ment occurred with Gd-enhanced MR imaging or CT. The T2- 
weighted images were most suggestive of recurrent medul- 
loblastoma (Fig. 1). Recurrent medulloblastoma in the right 
frontal horn in case 2 had shown slow growth over a 3-year 
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interval, failed to enhance with either CT or MR imaging, and 
was best demonstrated with T2-weighted images (Fig. 2). 

In case 3 (Fig. 3) there was subtle irregularity of the epen- 
dymal surface of the lateral ventricles, which could be appre- 
ciated both with CT and Gd-enhanced MR imaging. The tumor 
nodules failed to enhance with either technique and the 
diagnosis of tumor recurrence was best made with the T2- 
weighted images. Within a given patient, some tumor nodules 
enhanced and others did not, as illustrated in case 4 (Fig. 4). 

Case 6 (Fig. 5A) demonstrates typical beam-hardening and 
metallic artifact in the posterior fossa on CT, exacerbated by 
the radioactive seeds that had been surgically implanted as 
treatment for recurrent fourth ventricular medulloblastoma. 
The lack of beam-hardening and metallic artifact with MR and 
the intense Gd enhancement demonstrated by this recurrent 
tumor made Gd-enhanced MR imaging more sensitive than 
CT (Fig. 5B). In addition, the sagittal images allowed graphic 
depiction of tumor within the suprasellar cistern and along the 


Fig. 2.—Case 2. 

A, Nonenhanced CT scan shows slightly hy- 
perdense nodule (arrow). 

B, Contrast-enhanced CT scan shows no en- 
hancement. 

C, The nodule (arrow) did not enhance with 
Gd-enhanced MR. 

D, Discrete hyperintense nodule was seen 
best on spin-density MR image (2500/40). Bi- 
opsy proved recurrence. 
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leptomeninges of the anterior interhemispheric’ region (Fig. 
5C). 

Two patients (cases 10 and 11) had abnormal enhancement 
in the occipital white matter that was presumed to represent 
radiation-induced disruption of the blood-brain barrier. Radia- 
tion-induced necrosis demonstrated more enhancement with 
Gd than it did with contrast-enhanced CT (Fig. 6). 


Discussion 


There are no large series describing the enhancement 
pattern or clinical utility of Gd-enhanced MR imaging in chil- 
dren with recurrent medulloblastoma. Powers et al. [2] de- 
scribed two cases of medulloblastoma, both of which showed 
intense Gd enhancement, but commented that although the 
use of Gd allowed identification of additional lesions, lesions 
could apparently be identified in the nonenhanced studies. 
Bird et al. [1] described two patients with medulloblastoma 
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Fig. 3.—Case 3. 


AJR:155, July 1990 





A, Contrast-enhanced CT scan shows subtle irregularity of lateral ventricles with no abnormal enhancement. 


B, Small ependymal nodules failed to enhance with Gd-enhanced MR. 
C, Metastases are shown well on spin-density image (2500/40). 


Fig. 4.—Case 4. 
Gd-enhanced MR 
image shows mod- 
erate enhancement 
of recurrent tumor 
in fourth ventricle, 
while metastases in 
the region of third 
ventricle fail to en- 
hance. 





who had abnormal nonenhanced MR studies. The first case 
showed local Gd enhancement that was presumed to repre- 
sent tumor recurrence although biopsy was not performed 
and no follow-up was provided. The second case showed no 
abnormal enhancement. The authors suggested incorrectly 
that the absence of enhancement indicated the absence of 
tumor. 

Our material shows that not all recurrent tumor enhances 
and that the absence of Gd enhancement does not necessar- 
ily exclude residual or recurrent tumor. For these reasons, 
T2-weighted MR images should be obtained in all patients. 
Conversely, the presence of Gd enhancement does not nec- 
essarily indicate the presence of tumor, since abnormal Gd 
enhancement may be due to disruption of the blood-brain 
barrier induced by radiotherapy. 

By CT, the typical medulloblastoma is a well-defined slightly 
hyperdense, relatively homogeneous mass filling the fourth 


ventricle [3]. Although most medulloblastomas demonstrate 
moderately intense enhancement with iodinated contrast ma- 
terial, up to 7% of primary tumors do not enhance [4]. The 
primary tumors in all our patients did enhance by CT at 
presentation and the reason for the failure of some of the 
recurrent tumors to enhance with Gd is unclear; no patients 
were receiving exogenous steroids that might have altered 
the blood-brain barrier or tumor vascularity. It is not clear why 
fourth ventricular recurrence enhanced in one patient while 
other recurrent intracranial disease elsewhere in the same 
patient demonstrated no appreciable enhancement. 

Two of the patients with nonenhancing medulloblastoma 
recurrence underwent diagnostic craniotomies. Histologic re- 
view of the tumors showed them to be well differentiated with 
numerous Homer-Wright rosettes, low mitotic rates, and no 
large areas of necrosis. Histologic review of the recurrent 
tumors that displayed intense Gd enhancement showed them 
to have large pleomorphic cells with a high mitotic rate and 
large areas of necrosis. Although our series is too small to 
draw any conclusions, it appears that the enhancement pat- 
tern may parallel the histologic pattern and may have some 
prognostic significance. The four patients who had nonen- 
hancing recurrent tumor had a fairly prolonged clinical course 
and slow growth of tumor on subsequent scans, while the 
patients who showed intense Gd enhancement of recurrent 
tumor tended to have a more rapid demise, generally after a 
few months. 

Although the intent of this study was not to compare the 
sensitivity of MR with that of CT, it appears that the addition 
of Gd did render MR a more sensitive imaging method than 
nonenhanced MR or enhanced CT. However, as some recur- 
rent tumors do not enhance, Gd-enhanced images should not 
replace T2-weighted images; rather, they should be used as 
an adjunct. 
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Fig. 5.—Case 6. 

A, Beam-hardening and metallic artifact mask tumor on CT scan. 

B, Intense enhancement in residual tumor is unobscured with Gd-enhanced MR image. 
C, Leptomeningeal spread of tumor is best seen on enhanced sagittal MR images. 





A B 


Fig. 6.—Case 9. 

A, CT scan shows minimal enhancement of occipital white matter (arrow), presumed to represent radiation necrosis. No regions of abnormal enhancement 
were present on any other images. 

B, No hyperintense areas are seen on nonenhanced T1-weighted MR image. 

C, Marked enhancement is seen in occipital white matter bilaterally on Gd-enhanced MR image. 
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Advances in Cerebral SPECT Imaging. An Atlas and Guideline for Practitioners. Edited by Ronald L. Van Heertum 
and Ronald S. Tikofsky. New York: Trivirum (distributed by Lea & Febiger, Philadelphia), 129 pp., 1989. $38, 


softcover. 


Cerebral perfusion and metabolic imaging are not widely applied in 
clinical practice. The availability of approved agents and appropriate 
equipment is relatively new. Further, clinicians are largely unfamiliar 
with the techniques and results. This book is a practical guide and 
an atlas intended to introduce single-photon emission CT (SPECT) of 
the brain to clinicians. The targeted audience comprises “providers” 
(radiologists and nuclear medicine physicians) and “consumers” (neu- 
rologists, neurosurgeons, and psychiatrists) of such a service. The 
contributing authors provided cases for illustration. 

The book was developed when '*I-n-isopropyl iodoamphetamine 
was the only extractable lipophilic radiopharmaceutical approved by 
the Food and Drug Administration in the United States. Other radio- 
pharmaceuticals for SPECT of the brain, notably agents that contain 
technetium-99m or xenon-133, are not discussed. Positron emission 
tomography is not illustrated or discussed substantively. 

The book is organized into three sections. Section | includes 
general aspects of the imaging technique: preparation of the patient, 
acquisition, processing, display, normal anatomy, and pitfalls. Section 
ll is a case-oriented presentation of images (including correlated CT 
and MR findings) of various disease states: cerebrovascular diseases 


(20 cases), dementias (14 cases), seizure disorders (five cases), 
psychiatric disorders (six cases), and miscellaneous disorders (six 
cases of trauma or brain tumors). Teaching points are highlighted. 
illustrations are well selected, cropped appropriately, and usefully 
annotated. Section {ll outlines general quality control procedures 
(radiopharmaceutical, instrument, acquisition, and processing) and 
recommendations for users of specific equipment (organized accord- 
ing to the names of the major manufacturers). Section Ill also includes 
a bibliography and index. 

The editors have succeeded in providing a concise handbook that 
is useful to radiologists and nuclear medicine physicians in serving 
and in educating their clinical colleagues. Admittedly biased to '41-n- 
isopropyl iodoamphetamine, the book is recommended for any who 
already offer or are considering offering brain perfusion tomography 
in their practices. 
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Intracranial Aneurysms: Evaluation 
by MR Angiography 


The purpose of this study was to compare the accuracy of a volume gradient-echo 
MR angiography (MRA) technique with that of intraarterial digital subtraction angiography 
(IA DSA) in the identification of intracranial aneurysms. The intracranial vasculature was 
examined in 47 patients by MRA and compared with IA DSA findings in 19 of these 
patients who had saccular or giant intracranial aneurysms. The remaining 28 patients, 
in whom no aneurysm was found, served as a control group. MRA was performed with 
the use of a velocity-compensated gradient-echo sequence (TR = 40-50/TE = 7-15) 
with a 15° flip angle. The sensitivity and specificity were calculated for the evaluation 
of the cine 3D reconstructions (cine MRA) only, cine MRA + inspection of the individual 
partitions, and cine MRA + individual partitions + spin-echo studies. Of 21 aneurysms, 
of which three were missed in two patients, the sensitivity varied from 67% for cine 
MRA only to 86% for the cine MRA + partitions + spin-echo studies; of the 19 patients, 
among whom it was assumed that the diagnosis of any one aneurysm in a patient would 
lead to angiography and detection of additional aneurysms, the sensitivity varied from 
73% for the cine MRA only to 95% for the cine MRA + partitions + spin-echo studies. 

The results of this study suggest that MRA can define the circle of Willis sufficiently 
to allow detection of intracranial aneurysms as small as 3-4 mm. MRA holds promise 
as a truly noninvasive screening examination of intracranial vasculature in patients at 
risk for aneurysms. 


AJNR 11:449-456, May/June 1990; AJR 155:159-165, July 1990 


Previous reports have demonstrated that MR angiography (MRA) using a three- 
dimensional gradient-echo sequence is capable of producing an accurate anatomic 
depiction of intracranial vasculature and vascular pathology [1-3]. This technique 
can be used in addition to routine MR imaging of the brain parenchyma with an 
increase in overall examination time of 12-20 min. Our initial study of the intracranial 
vasculature was designed to demonstrate the feasibility of the methodology without 
using a direct comparison of MRA with intraarterial angiography [2]. Before more 
widespread application of the technique can occur, its sensitivity and specificity 
must be assessed to enable comparison with more conventional techniques. The 
purpose of this study was to compare the clinical accuracy of a volume gradient- 
echo MRA technique with that of intraarterial digital subtraction angiography (IA 
DSA) in the identification of intracranial aneurysms, with the hypothesis that the 
technique has sufficient sensitivity and specificity to allow more widespread vas- 
cular screening of populations at particular risk, such as patients with a family 
history of aneurysm or polycystic kidney disease (PCKD). Toward that end, the 
intracranial vasculature was examined in 47 patients by MRA, and compared with 
IA DSA findings in the 19 patients who had saccular or giant intracranial aneurysms. 


Materials and Methods 


The retrospectively reviewed study group consisted of two populations: The first group 
comprised 19 patients referred for MR imaging of the brain in whom aneurysms were known 
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and who had undergone intraarterial angiography. Eleven of these 
patients have been described previously [2]. The aneurysm popula- 
tion consisted of 12 females and seven males 14-76 years old (mean, 
48). The second group, 28 patients referred for MR imaging of the 
brain in whom there was no clinical suspicion of aneurysm, served 
as a contro! group. This population consisted of 18 females and 10 
males 10 months to 76 years old (mean, 32). Fourteen of the 28 
control patients had had contrast-enhanced CT studies within 2 years 
of the MR study. All patients signed informed consent forms that 
explained te procedure. After routine MR imaging, all the patients 
underwent MRA. 

MR imaging was performed with a 1.5-T system (Magnetom, 
Siemens, Iselin, NJ) with a 10-mT/m gradient capability. Studies were 
performed with either a circularly or linearly polarized head coil that 
operated in both the transmit and receive modes. 

Routine spin-echo (SE) MR imaging of the brain was performed 
with multiecho T2-weighted axial, 2000-2500/15-90 (TR/TE), and 
T1-weighted sagittal pulse sequences. T2-weighted imaging was 
performed with one excitation, 5-mm slice thickness with 50% inter- 
slice gap, 23-cm field of view, and 256 x 256 matrix. Gradient 
refocusing for velocity was used in the read and slice-select direc- 
tions. The examination time was 10.7 min. Sagittal T1-weighted 
images were obtained with a 500/17 pulse sequence, two excitations, 
§-mm slice thickness, and 256 x 256 matrix. The examination time 
for the T1-weighted study was 4.3 min. 

MRA was performed as previously described [2]. Briefly, the 
technique involves a gradient-echo fast imaging with steady preces- 
sion sequence (40-50/7-15) with a 15° flip angle. Velocity compen- 
sation was performed in the read and section-select directions. The 
volume slab was oriented axially to cover the circle of Willis. Imaging 
volumes ranged from 32 to 150 mm in thickness, with 32 to 64 
partitions ranging in thickness from 1.0 to 1.25 mm. The partition 
thickness was kept relatively fixed, although the imaging volume 
chosen varied with the neurologic status of the patient, and the 
patient’s ability to remain motionless for the examination. Imaging 
time was 6.4 or 12.8 min for 32 and 64 partitions, respectively. Data 
sets were reconstructed on a Vax 750 computer (Digital Equipment, 
Marlboro, MA) by means of a ray tracing technique, which incorpo- 
rates a maximum-intensity projection that has been described in more 
detail previously [1]. Cine loops of the MRA projections were dis- 
played on a Pixar imaging computer and placed on a videotape for 
later viewing. 

Correlation with IA DSA was available in all 19 aneurysm patients. 
IA DSA was performed within 1 week of MR imaging. All DSA studies 
included anteroposterior, lateral, and oblique views. Studies were 
obtained with a 0.3-mm focal spot and 11-in. (28-cm) cesium iodide 
image-intensifying tube (Polytron, Siemens). Images were displayed 
and photographed with a 1024 x 1024 matrix. 

The videotaped MRA and SE studies of all 47 patients (aneurysm 
and control groups) were randomized, then independently interpreted 
by two neuroradiologists without knowledge of clinical history or 
results of other imaging studies. Additionally, the hard copies of the 
individual partitions of the volume MRA studies were examined. 

The MRA studies were evaluated in two separate fashions. First, 
the MRA images were divided into four groups: In diagnostic group 
1, the images were inadequate for diagnosis because of technical 
factors including patient motion. In group 2, the intracranial circulation 
was visualized, but the images were not useful for diagnosis in terms 
of helping to confirm or exclude aneurysms. In group 3, the images 
were useful, but had the potential for diagnostic error owing to the 
limited field of view or persistent filling defects within the intracranial 
vessels. In group 4, the images were useful with a high degree of 
observer confidence. Then, the MRA images were viewed in a forced- 
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choice method as to the presence or absence of aneurysms and 
location. The SE studies were evaluated in a forced-choice fashion 
as to whether aneurysms were or were not identified. Additionally, 
the SE images were evaluated for the presence of hemorrhage, 
infarction, and ventricular dilatation. The results for the presence or 
absence of aneurysms were then combined for the MRA images 
{both cine 3D reconstructions and individual partitions) and the pa- 
renchymal MR examinations for a final diagnosis. The key was then 
broken, and the results compared with the IA DSA-correlated aneu- 
rysm group and the control group for calculation of sensitivity and 
specificity. 

Aneurysm size was measured on the IA DSA and MRA studies in 
the following manner: Since no measurement scale was present on 
the IA DSA studies, a ratio was obtained of the aneurysm size in 
three dimensions (length, width, height) to the size of the supraclinoid 
internal carotid artery using calipers. A similar ratio was calculated 
on the MRA study. Both sets of ratios were then converted to 
millimeters using the centimeter scaie on the MRA study. These three 
measurements were then averaged to give one number reflecting the 
aneurysm size on both MRA and IA DSA. 


Results 


The results are summarized in Table 1. Twenty-one aneu- 
rysms in 19 patients were defined by IA DSA. The aneurysms 
were located in the anterior communicating artery (two), 


TABLE 1: Summary of Findings in Aneurysm Patients 





Cine MR Size (mm) 


Location of Aneurysm/Case No. : EES 
ry / MRA Imaging MRA IA DSA 





Anterior communicating artery 


1 + - 5 5 
2 = + 10 17 
Basilar artery 
3 + NA 7 11 
4 + + 12 14 
5 + + 7 9 
Middle cerebral artery 
6 + + 10 10 
7 - + - 47 
8 + + 9 9 
9 + _ 7 8 
Internal carotid artery 
10 + + 9 15 
1 + + 14 28 
12 + ~ 12 17 
13 + NA 6 5 
14° = - - 8 
4 9 
15° + _ 6 5 
6 5 
Posterior communicating artery 
16 = - - 3 
17 + = 5 4 
18 + NA 6 7 
Superior cerebellar artery 
19 -° - 7 7 





Note.—MRA = MR angiography; IA DSA = intraarterial digital subtraction 
angiography; NA = not available. 

a Aneurysm visible only on MRA individual partitions. 

> Two aneurysms. 
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Fig. 1.—Posterior communicating artery 
aneurysm (case 18). 

A-C, Lateral (A), base (B), and right anterior 
oblique (C) views of 3D MR angiogram show 6- 
mm right posterior communicating artery aneu- 
rysm (arrows) with good visualization of intracra- 
nial circulation (group 4). 

D, Lateral view from intraarterial digital sub- 
traction angiogram also shows aneurysm, which 
measures 7 mm. 


posterior communicating artery (three), basilar artery (three), 
middle cerebral artery (four), internal carotid artery (eight), 
and superior cerebellar artery (one). Three of the aneurysms 
were giant: one of the internal carotid, one of the middle 
cerebral, and one of the basilar. The remainder of the aneu- 
rysms were 1 cm or less in diameter. 

In the aneurysm group, the MRA images were considered 
of diagnostic quality (groups 3 and 4) in 16 (84%) of 19. 
Eleven of 19 images were considered of good quality (group 
4). (Fig. 1); five (26%) of 19 were considered to have the 
potential for diagnostic error (group 3) (Fig. 2). The images of 
two patients (11%) were not considered useful for diagnosis 
(group 2), and in one patient (5%) the MRA image was 
uninterpretable (group 1) because of poor vessel definition 
owing to patient motion. MR images of the brain parenchyma 
were available in 16 of 19 patients. 

In the control group, 18 (64%) of 28 were in group 4 and 
eight (29%) of 28 were in group 3. Two (7%) of 28 were rated 
as group 1 or 2. Overall, there were 47 MRA studies, 42 
(89%) of which were rated as group 3 or 4. MR images of the 
brain parenchyma were available in all 28 patients. 

Sensitivity and specificity were calculated for the evaluation 
of the cine 3D reconstructions (cine MRA) only, cine MRA + 
inspection of the individual partitions, and cine MRA + individ- 
ual partitions + SE studies (Table 2). For the 21 aneurysms, 
of which three were missed in two patients, the sensitivity 
varied from 67% for cine MRA only to 86% for the cine MRA 
+ partitions + SE studies. For the 19 patients in whom it was 
assumed that the diagnosis of any one aneurysm in a patient 
would lead to angiography and the detection of any additional 
aneurysms, the sensitivity varied from 73% for cine MRA only 
to 95% for the cine MRA + partitions + SE studies. 
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The sensitivities increased from 67% to 81% and from 73% 
to 89% for aneurysms and patients, respectively, if the indi- 
vidual image partitions were evaluated along with the cine 
reconstructions (Figs. 3-5). For example, one patient (case 
14) had bilateral internal carotid aneurysms, and no abnor- 
mality was identified on the cine MRA image. However, on 
the individual partitions, the right carotid was definitely abnor- 
mal with an aneurysm projecting medially off of the siphon 
(Fig. 3). 

Parenchymal SE studies identified the aneurysms in eight 
(50%) of 16 cases. Other abnormalities identified in the aneu- 
rysm group included infarcts in two and surrounding edema 
in one. In the control group, abnormalities identified on the 
SE studies included infarcts in six, encephalomalacia in two, 
and cyst in one. 

The relative sizes of the aneurysms on MRA and IA DSA 
are given in Table 1. In general, the smaller aneurysms (less 
than 8 mm) were represented accurately on MRA studies. 
The size of larger aneurysms tended to be underestimated 
on MRA. The general relationship of the aneurysm to the 
parent vessel was easily visualized on MRA, while the precise 
aneurysm neck often was not recognizable. 


Discussion 


The utility of any technique in the evaluation of aneurysms 
depends on the natural history of asymptomatic aneurysms; 
that is, does an asymptomatic aneurysm have a significant 
chance of rupture, thus requiring surgery? In the United 
States, approximately 20,000 aneurysms rupture each year; 
8% of these patients die before reaching a hospital [4, 5]. 
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Fig. 2.—Right middle cerebral artery aneurysm in patient with occlusion of both internal carotid arteries (case 9). 
A, Base view from 3D MR angiogram shows 7-mm spherical area of increased signal at right middle cerebral artery bifurcation (arrow), despite relatively 
slow flow caused by collateral flow. There is nonvisualization of right middle cerebral branches owing to previous infarction. Carotid siphons are not seen. 


B, Individual partition from MR angiogram also shows aneurysm (arrow). 


C, Base view from intraarterial digital subtraction angiogram (left vertebral artery injection) shows 8-mm right middle cerebral artery aneurysm (arrow). 


TABLE 2: Results of MR Angiography in the Detection of 
Aneurysms 








Aneurysms Patients 

Measure (n = 21) (n = 19) 

True positive* 14/17/18 14/17/18 
False negative® 7/4/3 5/2/1 
False positive 0 0 
True negative 28 28 

% Sensitivity* 67/81/86 73/89/95 
% Specificity 100 100 





ê Cine MR angiography only/cine MR angiography + individual partitions/ 
cine MR angiography + partitions + spin-echo studies. 


Fifty percent of patients will die within the first 30 days after 
rupture. The prevalence of incidental aneurysms in autopsy 
series is extremely variable and inconsistent, ranging from 
1.3% to 7.9% [6, 7]. Studies quoting a small number of 
autopsy series with a high prevalence of aneurysms would 
suggest that aneurysms are abundant in the population as a 
whole, and only a small number go on to rupture, making the 
role of surgical management of an incidentally discovered 
aneurysm unclear. However, a recent report found that the 
prevalence of asymptomatic aneurysms of the anterior circu- 
lation was much closer to 1%, making their identification of 
major clinical significance [8]. That is, the decreased preva- 
lence of aneurysms coupled with the known rate of life- 
threatening subarachnoid hemorrhage dramatically increases 
the risk of having an asymptomatic aneurysm that may rup- 
ture. 

Although conventional arteriography remains the gold 
standard in the diagnostic workup of intracranial aneurysms, 
it is not performed unless the patient is symptomatic or an 
additional imaging study has been suspicious for an aneu- 
rysm. Additional, less invasive imaging studies that potentially 


could act as a screening examination include CT, IV DSA, 
and MRA. The ability of CT to define asymptomatic aneu- 
rysms is difficult to determine owing to the wide variety of 
techniques and studies; reports have varied, from detection 
of 14 (16%) of 85 aneurysms in one series to none [8, 9]. The 
resolution of the system, timing since injection of contrast 
material, and aneurysm size all affect the detection rate. The 
relatively poor spatial resolution of IV DSA, with the overlap 
of multiple vessels and limited viewing angles, allows for false 
negatives [10]. Both these techniques are invasive in the 
sense of needing large amounts of IV contrast material to 
define the vascular system. 

The rationale for this MRA technique involves two aspects 
of flow imaging: 

1. Flow-related enhancement is maximized when using the 
appropriate orientation of the imaging volume, TR, and flip 
angle. The axially oriented volume not only enables visuali- 
zation of the entire circle of Willis and major branches, but 
permits blood arriving into the area of interest to be unsatu- 
rated. Sagittal or coronal volumes allow blood flowing into the 
lower margin of the volume to become saturated prior to 
reaching the area of interest, with a resultant loss of signal. 
The best TR and flip angle to provide maximum contrast 
between vessel and parenchyma are related to flow velocity, 
the characteristics of this gradient-echo sequence, and the 
T1 relaxation time of brain and blood. The low flip angle gives 
CSF and the brain parenchyma similar signal intensities, which 
are lower than that of moving blood. This permits increased 
contrast between the vasculature and surrounding tissues. 

2. Signal loss secondary to phase dispersion is minimized 
by a short TE, refocusing pulses, and the volume technique 
(allowing a small voxel element). First-order motion compen- 
sation in the read and slice-select directions coupled with the 
shortest available TE is an effective method of reducing 
motion-induced phase shifts [1]. 
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Fig. 3.—Bilateral internal carotid artery aneu- 
rysms (case 14). 

A and B, Right (A) and left (B) anterior oblique 
views from 3D MR angiogram show bulbous con- 
figuration to carotid siphons (arrows) with signal 
dropout of supraclinoid carotid arteries and 
proximal middle cerebral arteries. No definite 
aneurysm is appreciated. 

C, Individual partition from MR angiogram 
study shows right internal carotid aneurysm as 
4-mm medial projection of high signal intensity 
(arrow). 

D and E, Anteroposterior (D) and lateral (E) 
projections from intraarterial digital subtraction 
angiogram (IA DSA) of right common carotid 
artery show bilobed 9-mm aneurysm off cavern- 
ous carotid. Only most medial lobe of aneurysm 
is visualized on MR angiogram. 

F and G, Anteroposterior (F) and lateral (G) 
projections from left-sided IA DSA shows 8-mm 
aneurysm at origin of posterior communicating 
artery. Supraclinoid signal loss on MR angiogram 
may be caused by more complex flow down- 
stream from aneurysms. 


While the resolution of 3D gradient-echo MRA does not 
approach that of conventional arteriography, this does not 
appear to be a critical shortcoming since studies suggest that 
the aneurysms that are most likely to rupture are of a size 
that may be imaged with MRA. In particular, Locksley [11], 
and McCormick and Acosta-Rua [12] found no hemorrhages 
from aneurysms smaller than 3 mm. Our current MRA tech- 
nique is capable of identifying aneurysms in that size range, 
with an in-plane resolution of the gradient-echo technique of 
less than 1 mm. The utility of MRA is increased by coupling 
the technique to conventional MR imaging of the brain paren- 
chyma, adding 12-20 min to the examination time. In our 
series, MRA plus SE parenchymal imaging demonstrated a 
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sensitivity of 95% and specificity of 100% for detecting at 
least one intracranial aneurysm in a patient. 

The limitations of this preliminary study and technique need 
to be emphasized. First, the study population was biased to 
those patients with angiographically confirmed aneurysms. A 
large population of normal subjects has not been imaged to 
determine the sensitivity of the technique. This critical variable 
must be addressed. Second, the volume gradient-echo tech- 
nique provides a limited region of interest for intracranial 
imaging. Imaging the vasculature of the entire head requires 
at least 128 partitions covering 120-150 mm. Even with very 
short TRs, the examination lasts approximately 20 min. How- 
ever, this limited field is not a significant problem for the 
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A B 


Fig. 4.—Anterior communicating artery aneurysm (case 1). 
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A, Oblique view from MR angiogram shows 5-mm aneurysm in region of anterior communicating artery (arrow). 
B, Individual partition from MR angiogram also shows focal area of increased signal (arrow). 
C, Anteroposterior view from left internal carotid intraarterial digital subtraction angiogram (with compression of contralateral carotid) shows 5-mm 


aneurysm (arrow). 





Fig. 5.—Basilar tip aneurysm (case 5). 





A, Slightly right anterior oblique view from MR angiogram shows 7-mm aneurysm at basilar tip (arrow). 


B, Individual partition from MR angiogram study confirms cine study (arrow). 


C, Anteroposterior view from intraarterial digital subtraction angiogram shows 9-mm aneurysm at basilar tip. 


evaluation of aneurysms, of which the vast majority are 
centered about the circle of Willis. Locksley [11] found that 
approximately 10% of single aneurysms involved with sub- 
arachnoid hemorrhage were in more peripheral branches or 
within the cerebellar vessels. The entire circle is easily encom- 
passed by a limited transverse volume. Third, the volume 
technique is dependent on flow-related enhancement for ves- 
sel contrast. Thus, slow-flow lesions such as giant intracranial 
aneurysms are poorly visualized owing to saturation of the 
moving spins residing for too long within the excited volume. 
For a similar reason, MRA consistently underestimated the 
size of the larger aneurysms. However, these larger, slow- 


flow lesions are most likely to be detected on the accompa- 
nying conventional MR image of the brain parenchyma, and 
the size of the smaller aneurysms on MRA closely correlated 
with the size on IA DSA. Fourth, the precise aneurysm neck 
often could not be appreciated on the MRA study, although 
the general relationship of the aneurysm to the parent vessel 
could be delineated. This failure to visualize the necks was 
most pronounced for the internal carotid artery aneurysms, 
and less of a problem with basilar tip and middle cerebral 
artery aneurysms. Finally, our control group is not perfect 
since there is a small chance that an aneurysm was present 
but was missed. The contrast-enhanced CT scans and brain 
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MR images without evidence of vascular disease reduce the 
likelihood of this possibility. 

The inadequate studies (groups 1 and 2) in the aneurysm 
and control groups were 16% and 7%, respectively. This 
difference is attributable to the poorer clinical condition of the 
aneurysm group, with increased motion artifacts. The number 
of inadequate studies should no doubt be closer to that of 
the control group figure for screening of an asymptomatic 
population. 

The ability to define carotid siphon disease is easily the 
most significant problem with the current technique for the 
evaluation of aneurysms. The anterior communicating artery, 
middle cerebral artery bifurcation, and basilar tip were gen- 
erally well defined. Signal dropout was a ubiquitous finding 
within the carotid siphon. This, coupled with the anatomic 
variations of the siphon course, accounted for the three 
missed aneurysms. In particular, if the cephalocaudal height 
of the siphon was small, then the loops tended to merge into 
one another on MRA, and the distinction between normal and 
aneurysmal dilatation was not possible. Further reductions in 
TE and slice thickness may be necessary to correct these 
signal voids. 

The cine MRA and the hard-copy images of the individual 
partitions played complementary roles in this study. The 
individual partitions allowed detection of three aneurysms that 
were not seen on the cine studies. The partitions were es- 
pecially useful to detect the siphon aneurysm that projected 
medially in case 14. Inspection of the individual partitions is 
time-consuming owing to their sheer numbers, and more 
difficult to interpret for aneurysms that project superiorly or 
inferiorly. They do appear useful for aneurysms that project 
within the partition plane and that might be obscured on the 
cine studies owing to overlap of the signal within both carotid 
siphons. 

Certain populations, particularly patients with PCKD, are 
logical candidates for a screening examination for intracranial 
aneurysms. However, previously published analysis has 
shown that conventional angiography should not be carried 
out on a routine basis in this population because there are 
not significant benefits unless the prevalence of aneurysm 
exceeds 30%, the surgical complication rate is 1% or less, 
and the patient is under 25 years of age [13]. Levey et al. 
[13] did state that this might change: If “newer noninvasive 
tests ... prove to identify reliably patients who are highly 
likely to have a cerebral aneurysm, routine screening with 
these tests will be warranted in patients with polycystic kidney 
disease.” They further projected that if the sensitivity and 
specificity of a new test were 80% and 85%, respectively, 
then the benefit of arteriography and surgery in a 20-year-old 
patient would be significant; these criteria for MRA were met 
in this study. Future studies are needed to further define the 
role of MRA in groups at high risk for intracranial aneurysms 
(family history, PCKD, coarctation, fibromuscular disease, 
collagen vascular disorders), with the hope that the ease of 
use and noninvasive nature of the examination will make more 
widespread screening feasible [14]. 

While the statistics concerning intracranial aneurysms and 
the risks of surgery in patients with PCKD are fairly straight- 
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forward, the ease of use, safety, and accuracy of MRA raise 
a more difficult set of questions concerning widespread ce- 
rebrovascular screening in patients presenting with head- 
aches (such as might have been seen with a sentinel leak of 
an aneurysm) or other CNS symptoms. The MRA technique 
and its short acquisition time make the possibility of a cranial 
MRA study coupled to every parenchymal head examination 
a very real one. 

One drawback to the use of MR imaging and MRA in the 
diagnosis of aneurysms is the insensitivity of the techniques 
to subarachnoid hemorrhage [15]. However, the technique’s 
greatest use is presumably in asymptomatic high-risk pa- 
tients, before the development of subarachnoid hemorrhage. 
Once there is a suspicion of hemorrhage, then CT and con- 
ventional IA DSA are the more appropriate diagnostic studies. 

Although our study population was small, our results sug- 
gest that MRA can define the circle of Willis sufficiently to 
allow detection of intracranial aneurysms as small as 3-4 
mm. MRA holds promise as a truly noninvasive intracranial 
vasculature screening examination in patients at risk for aneu- 
rysms. 


REFERENCES 


1. Ruggieri PM, Laub GA, Masaryk TJ, Modic MT. Intracranial circulation: 
pulse-sequence considerations in three-dimensional (volume) MR angiog- 
raphy. Radiology 1989;171:785-791 

2. Masaryk TJ, Modic MT, Ross JS, et al. Intracranial circulation: preliminary 
clinical results with three-dimensional (volume) MR angiography. Radiology 
1989;171:793-799 

3. Masaryk TJ, Modic MT, Ruggieri PM, et al. Three-dimensional (volume) 

gradient-echo imaging of the carotid bifurcation: preliminary clinical expe- 
rience. Radiology 1989;171:801-806 
. Drake CG. Management of cerebral aneurysm. Stroke 1981;12:273-283 
5. Sypert GW. Intracranial aneurysms: natural history and surgical manage- 
ment. Compr Ther 1978;4:64-73 
6. Housepian EM, Pool JL. A systematic analysis of intracranial aneurysms 
from the autopsy file of the Presbyterian Hospital. J Neuropathol Exp 
Neurol 1958;17:409-423 
7. McCormick WF. Problems and pathogenesis of intracranial arterial aneu- 
rysms. In: Toole JF, Moossy J, Janeway R, eds. Cerebrovascular disor- 
ders, 2nd ed. New York: Grune & Stratton, 1971:219-231 
8. Atkinson JLD, Sundt TM, Houser OW, Whisnant JP. Angiographic fre- 
quency of anterior circulation intracranial aneurysms. J Neurosurg 
1989;70:551-555 
9. Asari S, Satoh T, Sakurai M, et al. Delineation of unruptured cerebral 
aneurysms by CT angiotomography. J Neurosurg 1982:57:527-534 
10. Forbes GS, Earnest F, Kispert DB, et al. Digital angiography. Introducing 
digital techniques to clinical cerebral angiography practice. Mayo Clin Proc 
1982;57 :683-693 

11. Locksley HB. Natural history of subarachnoid hemorrhage, intracranial 
aneurysms, and arteriovenous malformations. In: Sahs AL, Perret GE, 
Locksley HB, et al. eds. /ntracranial aneurysms and subarachnoid hemor- 
rhage. A cooperative study. Philadelphia: Lippincott, 1969:37-108 

12. McCormick WF, Acosta-Rua GJ. The size of intracranial saccular aneu- 

rysms. An autopsy study. J Neurosurg 1970;33:422-427 
13. Levey AS, Pauker SG, Kassirer JP. Occult intracranial aneurysms in 
polycystic kidney disease: when is cerebral arteriography indicated? N 
Engi J Med 1983;308(17):986-994 

14. Allcock JM. Aneurysms. In: Newton TH, Potts DG, eds. Radiology of the 
skull and brain, vol. 2, book 4. St. Louis: Mosby. 1974:2445-2449 

15. DeLaPaz RL, New PFJ, Buonanno FS, et al. NMR imaging of intracranial 
hemorrhage. J Comput Assist Tomogr 1984;8:599 


A 





166 


Book Review 


MRI/CT and Pathology in Head and Neck Tumors. A Correlative Study. Edited by Roland Chisin. Boston: 


Kluwer, 170 pp., 1989. $105 


This is a good book. | would classify it as a must read but not 
necessarily a must own. The work has numerous strong points. 
Perhaps the strongest of all is chapter 2, “Technical Considerations.” 
This is the most concise summary of MR | have yet read. It is 
extremely practical and factual, but not simplistic. The author cleverly 
fills the later part of this chapter with more technical details, should 
the reader's interest be stimulated. 

Chapter 3, “Case Presentation,” provides 35 cases with CT scans 
and MR images as well as clinical pathologic correlation. This is an 
effective way to study cases because it simulates clinical practice. 
Particularly outstanding is the attempt to correlate signal and topo- 
graphic characteristics with the histology and biochemistry of the 
lesions. Particularly good cases in this regard are case 15, pleo- 
morphic adenoma, and case 19, focal carcinoma in a pleomorphic 
adenoma. 

Chapter 4 evaluates MR imaging strategy in head and neck cancer. 
This is an unusually compact, factual, and up-to-date chapter. Chap- 
ters of this type in some other works err by basing their conclusions 

‘on obsolete information or by recommending such imaging overkill 
that few cases in the real world would ever be worked up that way. 
Chapters of this type in other books cannot resist showing unsup- 
ported personal prejudice. Dr. Chisin's book does not show this. For 
this chapter and all of his other chapters, extensive references are 
provided. 

The book does have some problems. The most pervasive is the 
paucity of gadolinium imaging. This is not surprising because many 
of the cases may have been collected before gadolinium became 
easily available. An attempt is made to make up for this deficiency by 
discussing gadolinium throughout the work. Unfortunately, the lack 
of images obtained before and after administration of gadolinium 
contrast medium dates the book slightly. A minor problemn is that 
some of the CT scans and MR images are of limited quality. As 
regards MR images, only 11 were obtained with high-fieid-strength 
units. Most of the images are from a 0.6-T unit. The author is perfectly 
honest about this in the introduction, but purists would prefer to have 


the field strength stated along with the other technical information 
given for each MR image. 

Another limitation is the description of signal. Table 2 describes 
the signal intensity of important tissues. Although completely factual, 
the entry about fat on T2-weighted imaging is deceiving. It would be 
better if the author made it clearer that the signal of fat almost always 
declines as one compares T1-weighted to proton-density to T2- 
weighted images. This is an important differential diagnostic point. 
The same table discusses subacute hemorrhage as having either 
“high” or “low” T2-weighted signal. This is true; however, low central 
signal tends to be found in the slightly fresher hemorrhages, whereas 
lesions with low peripheral signal tend to be more chronic. It would 
have been better to give an age range of hemorrhage as to when it 
is rather dependable that both T1- and T2-weighted images show 
high signal. Discussing the low signal characteristics of early or later 
“maturing” hemorrhage would be acceptable only if the author pro- 
vided more detail. 

When a book is as good as this, the reader tends to get picky and 
demand too much. | would have liked to see more illustrations of 
findings on physical examination. For example, Figure 3 is a photo- 
graph of an orbital mass, Figure 24 is an artist's drawing of the extent 
of tumor on the retromolar trigone, and Figure 25 is a photograph of 
a tongue cancer. Radiologists seldom see such images. 

This book really has no competition. No other work summarizes 
head and neck cancer and MR imaging so concisely and at such a 
low cost. As would be expected, this also causes limitations. The 
work cannot serve as an extensive reference source, nor was it 
intended to. For that reason, not everyone will want to own this book. 
However, | think that every radiology library should have one and 
that every radiologist and radiology resident should read it. | enjoyed 
reading the book and have recommended that we purchase it for our 
library. 

Stephen S. Gebarski 
University of Michigan Hospitals 
Ann Arbor, MI 48109-0030 
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Three-Dimensional Phase- 
Contrast MR Angiography in the 
Head and Neck: Preliminary Report 


Morbidity and possible mortality associated with contrast angiography lead to its 
cautious use. A noninvasive method for screening and further delineating known abnor- 
malities would be welcomed. This article reviews the initial results and application of 
MR imaging to vascular imaging in the head and neck. By using the three-dimensional 
phase-sensitive method of Dumoulin, Souza, and collaborators, we acquired MR angio- 
grams in 37 min and portrayed blood flow in all the major arteries and veins. Feeding 
arteries and draining veins of arteriovenous malformations were well delineated; aneu- 
rysms as small as 3-4 mm were shown, and obstructed cerebral vessels and the 
patency of a highly stenotic internal carotid artery were demonstrated. 

MR angiography of the head or neck offers great promise as a noninvasive means of 
studying vascular abnormalities. 


AJNR 11:457-466, May/June 1990; AJR 155:167-176, July 1990 


Contrast angiography is a reliable method for obtaining morphologic, and to 
some extent, hemodynamic information about blood vessels. Morbidity associated 
with angiographic procedures, however, includes the possibility of stroke, renal 
failure, and patient discomfort from catheter insertion and contrast injection [1]. A 
noninvasive alternative would be clearly desirable. This article discusses and gives 
examples of our initial experience with a phase-sensitive method of MR angiography 
[2-5], a totally noninvasive procedure. Our efforts have been directed toward 
continued development of the technique and the determination of clinical protocols 
in preparation for future prospective clinical studies. 


Materials and Methods 


Data are acquired by using a three-dimensional (3D) gradient-refocused spin-warp scan 
technique (General Electric 1.5-T MR imager, Version 3.2.C) that incorporates bipolar mag- 
netic gradient pulses for phase-sensitive flow encoding [3]. Figure 1 depicts the RF and 
magnetic gradient pulse sequence used. The repetition time (TR) was 22.3 msec, the echo 
time (TE) was 14.7 msec, and the RF flip angle ranged from 15° to 30°. The number of 
excitations (NEX) per phase-encoding step was two. Flow-encoding gradient-pulse lobes 
were half-period sine functions of typically 3-msec duration with a peak value of 9.0 mT/m. 

Before the MR study, the referring clinician is consulted to define the anatomic extent of 
interest to determine the minimum appropriate field of view (FOV) to be imaged. Table 1 
presents frequently used selections for acquisition matrix and FOVs. All options listed have 
the same number of phase-encoding steps and, hence, the same acquisition times. The 
options are listed in order of decreasing acquisition voxel (effective volume element) size, the 
smallest voxel size being (0.78 mm)’. 

Since currently only one flow direction can be encoded in an acquisition, three sequential 
acquisitions were performed for total flow information. The scanning time was approximately 
12 min for each of the three directions of flow encoding. Hence, the total scan time was 
approximately 37 min. The three single-flow component volume images were then combined 
by vector addition to form a total-flow magnitude image. 
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Fig. 1.—3D phase-contrast pulse sequence consisting of spoiled gra- 
dient-refocused sequence incorporating bipolar flow-encoding pulses. Two 
gradient directions of phase encoding are used. Flow-encoding pulses are 
placed on a single gradient direction during each of the three required 3D 
acquisitions. G = gradient. 

















TABLE 1: Acquisition Matrix and Field-of-View Selections in 
MR Phase-Contrast Angiography 





Field of View Voxel Dimensions 


Acquisition Matrix (cm) (mm)? 





256 x 128 x 128 24x 24x24 0.94 x 1.88 x 1.88 
20 x 20 x 20 0.78 x 1.56 x 1.56 
20 x 20 x 10 0.78 x 1.56 x 0.78 
256 x 256 x 64 20 x 20x 5 0.78 x 0.78 x 0.78 





Note.—Dimensions are given in an x X y X z sequence. 
* Nonselective excitation can be used with head-coil reception. 


Projection images were computed from the 3D MR angiogram 
image by selecting the maximum voxel intensity value along the 
projection ray path as the projection-image pixel (picture element of 
a two-dimensional [2D] digital image) value [6]. The projection images 
can be viewed singly or in cine format as a series of projections from 
progressive view angles about an axis of rotation to impart a 3D 
perspective. Also, projection images were computed over selected 
subvolumes (slabs) in axial, coronal, or sagittal orientations. Such 
primary axis projections we refer to as “collapse” images (seemingly 
collapsing a stack of slices). 


Results 


Several cases are described to demonstrate the clinical 
potential of phase-contrast MR angiography. We have per- 
formed over 90 studies in symptomatic and asymptomatic 
patients 13-91 years old, as well as numerous preliminary 
studies in control subjects. 

A normal 30-year-old man appears in Figure 2. The 2D 
projection images (Figs. 2A-2C) are computed at 0°, 30°, 
and 60°, respectively, relative to the anteroposterior plane. 
They were selected from a larger set of 32 maximum pixel 
projections computed from the full 3D data set (24 x 24 x 
24 cm FOV, 256 x 128 x 128 matrix, NEX = 2, 37-min scan 
time). All the major arteries (e.g., carotids, cerebral, and 
communicating) and veins are clearly delineated, as are most 
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of the primary and secondary ramifications of these vessels. 
These few selected projections do not effectively convey the 
full anatomic detail present in the 3D data. When such projec- 
tions at small incremental angles are viewed sequentially as 
a movie loop on a graphics console, many more vessels as 
well as the true 3D geometry of the vasculature are perceived. 

Results of three studies in patient with cerebral aneurysms 
appear in Figures 3-5. The signal void from a 9-mm aneurysm 
is shown on an axial spin-echo image, 2000/80 (TR/TE), ina 
45-year-old woman (Fig. 3A). Figures 3B-3D show that the 
void on spin echo represents flow in a 9-mm internal carotid 
artery bifurcation aneurysm. By interactively viewing the vol- 
ume angiogram in multiple-projection views (one view shown 
in Fig. 3C), individual slices of the 3D image data (Fig. 3D), or 
collapse images (Fig. 3B), the connection of the aneurysm to 
the vessel from which it originates can be demonstrated. The 
neck of the aneurysm is seen clearly in the individual axial 
slice (Fig. 3D) of the 3D flow image. For comparison, Figures 
3E and 3F are the lateral and anteroposterior contrast angio- 
grams after common carotid injection. 

Figure 4, the MR angiogram and contrast angiogram of a 
65-year-old man, shows bilateral infundibula of the superior 
cerebellar arteries. In this acquisition, the FOV was limited to 
a region about the circle of Willis by exciting only a 5-cm slab 
(last entry, Table 1). Figure 4A is a projection through the 3D 
MR flow image angled to give a clear presentation of the 
infundibula. Figure 4B is the projection image of Figure 4A 
with the gray-scale mapping simply inverted. Inverting the 
gray-scale mapping mimics the appearance of subtraction 
contrast angiograms. Figure 4C is a computed magnification 
of a coronal collapse across the region of interest. On the 
right side, a 3- to 4-mm aneurysmal dilatation of the infundib- 
ulum is present, as evidenced by the size of the infundibulum 
and the suggestion that the distal portion of the vessel 
emerges eccentrically from the infundibulum. Figure 4D is a 
projection in the axial direction through the circle of Willis. 
The contrast angiogram after left vertebral artery injection 
(Fig. 4E) shows that the basilar artery feeds only the left 
posterior cerebral artery. Injection of the right carotid artery 
(not shown) indicated that the right posterior cerebral artery 
originated from the right posterior communicating artery. Note 
that the MR angiogram provided this information with one 
data acquisition (Fig. 4D). 

A third example of aneurysm is illustrated in Figure 5. The 
anteroposterior MR angiogram projection image (Fig. 5A) 
shows a small right middle cerebral artery aneurysm. The 
acquisition method used a 10-cm excitation slab, demonstrat- 
ing again the tradeoff between anatomic extent and spatial 
resolution. Figure 5B is an axial collapse image spanning the 
pertinent segment of the middle cerebral artery. Figure 5C is 
the anteroposterior contrast angiogram taken after right ca- 
rotid injection. Both studies demonstrate similar characteris- 
tics as to the orientation, size, and shape of the aneurysm. 

Arteriovenous malformations (AVMs) are well delineated by 
the phase-contrast method since both venous and arterial 
flow are imaged irrespective of vessel geometries. Figure 6 is 
from a 19-year-old woman with a large left-frontal-lobe AVM. 
The conventional T2-weighted axial spin-echo image (2000/ 
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Fig. 2.—MR angiograms of 30-year-old nor- 
mal male volunteer. 

A-C, Maximum-intensity projection images 
computed from 3D flow image data at 0° (antero- 
posterior direction), 30°, and 60°, respectively. 

D, Projection through subset of sagittal slices 
(collapse image) spanning left hemisphere only. 

3D perspective is visualized when such pro- 
jections are shown in movie loop format. Signal 
loss in the petrous portion of the internal carotid 
and vertebral arteries as they pass through 
transverse foramina is due to diamagnetic ef- 
fects of bone (arrowheads, arrow). 





Cc 


80) through the AVM is shown in Figure 6A. MR angiograms 
appear in Figures 6B-6E. The large-FOV anteroposterior 
projection MR angiogram image (Fig. 6B) and lateral projec- 
tion image (Fig. 6C) depict the extent of the AVM and all 
pertinent arteries and veins. Vessels around an AVM that are 
not directly related to it can be excluded from computed 
projection views by specifying a volume of interest enclosing 
the desired structures or by collapsing a subset of slices. By 
this method the feeding arteries and draining veins are shown 
more clearly. The coronal collapse image (Fig. 6D) and the 
axial collapse image (Fig. 6E) help to determine supply/return 
paths of the AVM. However, in this patient, early draining 
veins are not defined, as can be ascertained on contrast 
angiography (Figs. 6F and 6G). 
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Within the neck, the carotid and vertebral arteries and the 
jugular veins are well demonstrated on MR imaging. Even 
small amounts of flow beyond a very severe stenosis can be 
delineated (Figs. 7A and 7B). Visualization is enhanced by 
selecting a volume of interest that excludes most of the 
overlapping vessels (Fig. 7A). The corresponding contrast 
angiograms (Figs. 7C and 7D) demonstrated over 90% ste- 
nosis in the right internal carotid artery at its origin. The 
minute amount of flow past this stenosis is demonstrated by 
MR angiography. 

Figure 8 is the phase-contrast MR angiogram of a 47-year- 
old man whose history was consistent with superior sagittal 
sinus thrombosis. This angiogram confirms the clinical impres- 
sion by showing a lack of flow in the superior sagittal sinus. 
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Fig. 3.—Aneurysm measuring 9 mm at bifurcation of internal carotid artery. 


A, Spin-echo image (2000/80) through aneurysm (arrow). 
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B, Projection through subset of phase-contrast sagittal slices spanning aneurysm region (arrow). 


C, Anteroposterior projection image through entire head. 
D, Single axial slice shows neck of aneurysm (arrow). 


E and F, Lateral (E) and anteroposterior (F) contrast angiograms after common carotid injection. Two additional small projections from carotid artery, 
which could represent aneurysms are seen best on anteroposterior angiogram (arrows) and were not demonstrated on MR angiogram. This is most likely 
due to slow flow and subsequent low signal in aneurysm, along with insufficient resolution owing to large acquired voxel size (0.9 x 1.9 x 1.9 mm). 


In addition, it is noted that there is little or no flow in the 
transverse and sigmoid sinuses, or in the jugular veins bilat- 
erally. Also, lack of flow in the left internal carotid artery is 
demonstrated. 


Discussion 
Flow Image Acquisition 


The method of phase-contrast angiography uses a pulse 
sequence and subtraction technique such that the stationary 
tissue ideally contributes no signal to a voxel, whereas moving 


tissue contributes a signal related to its flow velocity. This is 
achieved with the use of bipolar flow-encoding gradient 
pulses, as depicted in Figure 9. A bipolar gradient pulse 
causes a phase shift, ¢:, proportional to motion given by 
$1 = y VTAg, where y is the gyromagnetic ratio, V the velocity 
of flow, T is the time separation of the center of the bipolar 
lobes, and A, is the area under one lobe [2]. In the phase- 
contrast pulse sequence, the polarity of the bipolar gradient 
is inverted on alternate acquisitions (odd/even) for each 
phase-encoding step. An inverted bipolar pulse induces a 
phase shift, ¢2 = —yVTAg = —¢1. Each flow image voxel is 
assigned a signal intensity proportional to the vector differ- 
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Fig. 4.—Bilateral infundibula of superior cer- 
ebellar arteries. Acquisition consisted of cubic 
voxels with 0.78-mm edges. 

A, Projection image through entire data set 
angled to give clear presentation of infundibula. 

B, Same projection image, but with the gray- 
scale mapping inverted to mimic subtraction 
contrast angiogram. 

C, Magnified collapse image in coronal direc- 
tion of infundibula at narrow window width set- 
ting. Note aneurysmal dilatation of right infundib- 
ulum. 

D, Collapse image of axial slices of region of 
circle of Willis. PCoA = posterior communicating 
artery; PCA = posterior cerebral artery. 

E, Contrast angiogram after left vertebral ar- 
tery injection. 


m 
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Fig. 5.—Aneurysm of right middle cerebral artery. 

A, Anteroposterior projection image through entire volume image. Diminished signal in middle cerebral artery (MCA) at origin of aneurysm is explained 
by complex flow patterns. 

B, Collapse image of axial slices containing relevant length of middle cerebral artery shows relationship of aneurysm and neck to parent vessel. 

C, Anteroposterior contrast angiogram after right carotid injection. 





Fig. 6.—Arteriovenous malformation (AVM). 

A, Conventional MR image through (2000/80) 
left-frontal-lobe AVM. 

B, Coronal projection image. 

C, Collapsed subset of sagittal slices through 
AVM. 

D, Collapse image of subset of coronal slices 
shows middle cerebral arterial supply of AVM. 

E, Collapse image of subset of axial slices 
shows draining veins of AVM. 

F, Lateral contrast angiogram. 

G, Anteroposterior contrast angiogram. 

Projection angiogram allows visualization of 
all pertinent arteries and veins. It may, however, 
be difficult to determine relationship of some 
vessels to AVM on projection angiogram. Col- 
lapse images help determine this relationship 
because they are analogous to tomograms in 
that they allow only a small region to be visual- 
ized and nonrelevant vessels are eliminated. 


G 


ence in average transverse magnetization of the two above The resulting contribution to voxel values in the magnitude 
acquisitions. Since both bipolar pulse polarities cause zero image from each moving spin is proportional to |sin ¢,]. 
phase shift for stationary tissue, nonzero contribution is made As a consequence of the properties of the sine function, the 
to voxel intensity only from moving spins. intensity contribution for moving tissue will increase until 
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Fig. 7.—Carotid stenosis. 

A, Collapse image of subset of coronal slices 
through internal carotid arteries. 

B, Collapse image of subset of sagittal slices 
through right internal carotid artery. 

C and D, Anteroposterior (C) and lateral (D) 
contrast angiograms after right common carotid 
injection. 

Disease is noted bilaterally but is more severe 
on right compared with left side. Internal carotid 
arteries (arrows). Signal is lost in proximal right 
internal carotid artery (arrowhead) owing to com- 
plex patterns of flow in poststenotic segment, 
but is regained more distally when laminar flow 
is reestablished. Since flow is seen proximal to 
first branch of right internal carotid artery, flow 
through stenotic segment at internal carotid ar- 
tery origin is implied. 


C 


ġı = 7/2, which will give a maximum signal intensity. For 
larger values of ¢1, signal intensity will decrease to a value of 
zero when ¢, = v. Ideally, the parameters T and A, are small 
enough so that sin ¢; = ¢; and, therefore, the voxel values 
approximate a linear function of flow velocity over the range 
of interest. 

In clinical application, small vessels and wall details can be 
enhanced by using a higher degree of flow encoding. How- 
ever, artifacts can arise from any resulting ambiguous flow 
encoding (more than one velocity mapping to a voxel value). 
To ensure that the flow-image voxel values increase mono- 
tonically with flow velocity, the bipolar pulse parameters are 
set per the maximum expected physiologic velocity. For mono- 
tonicity then, the product, TAg, is selected such that TA, < 
1/(2yVmax). Accordingly, the phase-contrast image then pre- 
sents relative flow information among vessels. 
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The phase of the RF excitation and reception is held 
constant throughout the acquisition. Both the phase-encoding 
and readout-dephasing lobes are applied just before readout 
to reduce both signal attenuation due to phase dispersion 
effects and flow misregistration artifacts. 

Acquisition pulse sequence may be executed as either 2D 
projection or 3D volume acquisition. The 2D technique pro- 
jects the excited slab onto a 2D image plane whose spatial 
orientation is selected prior to the study. The signal for 
overlapping vessels is vectorially added, and image intensity 
is determined by the amount of constructive or destructive 
interference. Thus, signal intensity at vessel crossings can be 
meaningless. Slabs of excitation as small as 3 mm may be 
obtained in the 2D method. 

The advantage of the 2D technique is that an image, useful 
for localizing, can be produced in as little as 27 sec (NEX = 
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Fig. 8.—Superior sagittal sinus thrombosis. 


A, Collapse image of subset of sagittal slices through superior sagittal sinus. 


B, Anteroposterior projection image of entire data set. 
C, Axial collapse image of region surrounding circle of Willis. 
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Minimai or absent flow is noted in superior sagittal, transverse, and sigmoid sinuses along with jugular veins. No evidence of flow is seen in left internal 


carotid artery. These findings confirm clinical suspicion of thrombosis. 


2) for three flow-encoded directions. Diagnostic-quality 2D 
projection angiograms can be obtained in about 5 min (NEX 
= 24 to span the cardiac period). These images can be used 
to localize a 3D acquisition, address clinical questions involv- 
ing flow in major vessels, or achieve time resolution in a 
dynamic study. Disadvantages include the limitation of a 
single view angle per acquisition and decreased resolution 
from large elongated voxel shape because of the length of 
the project direction. 3D acquisition generally gave superior 
results when compared with 2D projection-mode acquisition 
for cerebral studies. 

Saturation slabs can be used to decrease vascular com- 
plexity and to distinguish artery from vein in certain situations. 
For instance, in the neck, saturation of tissue superior to the 
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Fig. 9.—Bipolar flow-encoding gradient pulse. A spin with a velocity 
component parallel to flow-encoding gradient direction will undergo a 
phase shift. The bipolar pulse is applied on one gradient direction per 


acquisition sequence and is positioned as indicated in Fig. 1. T = time 
separation of the center of bipolar lobes; A, = area under one lobe. 


excitation volume will tend to make venous blood lose signal 
while an inferior saturation will tend to make arterial blood 
lose signal. 


Phase Dispersion 


The signal intensity of a voxel is also related to the phase 
dispersion within it. Phase dispersion arises from a range of 
velocities existing within an acquisition voxel, uncompensated 
orders of motion, and magnetic susceptibility variations. The 
greater the velocity dispersion, the greater the phase disper- 
sion and, therefore, the lower the received signal. For laminar 
flow, the velocity profile across a vessel diameter is parabolic. 
For voxels at the center of a vessel with laminar flow, the 
velocity is greatest and dispersion is smallest, yielding a 
resultant signal that is largest. For voxels close to the wall, 
the velocity is smallest, dispersion greatest, and resultant 
signal smallest. Also, as the amount of flow encoding in- 
creases, the larger the amount of phase dispersion. Phase 
dispersion effects can become prominent at obstructions and 
at bends in vessels. Flow jets formed at obstructions may 
cause complex flow for some distance distal to the obstruc- 
tion, as seen in Figures 7A and 7B. Within vessel curves, 
blood protons at the convexity of the bend are accelerated 
differently from those at the concavity. This induces helical 
and other complex flow patterns in the region. The loss of 
signal in the supraclinoid internal carotid artery is a good 
example of this phenomenon (Figs. 3B and 3C). 

Signal from flow in a vessel may be attenuated when a 
vessel is near bone; for example, the vertebral arteries tra- 
versing the foramina of the cervical vertebrae or the carotid 
artery going through the petrous bone (Fig. 2). Calcium and 
cortical bone exhibit diamagnetic properties that cause mag- 
netic field inhomogeneity in the surrounding region. Since 
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gradient refocusing does not counterbalance the effect of field 
inhomogeneity, signal may be attenuated and the localized 
segment of a blood vessel may appear diminished or missing. 

The loss of signal owing to phase-dispersion effects can be 
lessened by using smaller voxels and shorter TEs. TEs can 
be reduced by pulse sequence refinements, higher root-mean- 
square power gradient amplifiers, and wider readout band- 
width. 


Acquisition Time Issues 


Currently, three sequential 3D acquisitions are required to 
encode for total flow. This incurs a 37-min acquisition time 
with the present pulse sequence implementation and instru- 
ment capabilities. Patient motion is clearly a potential problem. 
In our experience, however, patients generally cooperate in 
minimizing motion in the hope of avoiding contrast angiogra- 
phy. To date, only simple soft foam wedges have been placed 
aside the patient’s head inside the head coil. A few exami- 
nations have failed owing to patient motion. Effort is being 
directed at producing a suitable head restraint. A prospective 
study is in progress that documents the compromised and 
failed examination rates. 

To shorten the acquisition time, TR must be shortened 
and/or the number of excitations reduced. The means for 
reducing TR are the same as given for TE, as both will 
decrease concomitantly. 

The number of excitations can be reduced by using fewer 
phase-encoding steps in one direction. The options here are 
decrease FOV or increase acquisition voxel size. Reducing 
the phase-encoding steps by one-half correspondingly halves 
the scan time. If a small voxel size is maintained, one direction 
of the FOV must be halved. Thin-section total-flow 3D angio- 
grams having an acquisition matrix of 254 x 128 x 32 can 
be acquired in under 10 min. 


Image Presentation 


The wealth of visualized arteries and veins on the 3D image 
can make detection and study of disease difficult. Because 
data for MR angiograms are digital and obtained by 3D 
acquisition, there is great flexibility in image display. A projec- 
tion image can be computed from any view angle by projecting 
the 3D image data into a 2D image. Various algorithms for 
assigning projection pixel (picture element of a 2D digital 
image) values are possible. The MR angiograms presented 
herein were computed by selecting the maximum voxel value 
along the projection ray path as the projection image pixel. 
When viewed statically spatial information is lost. Spatial 
perspective can be regained by displaying in cine format a 
series of these projection images computed from progressive 
view angles about an axis of rotation. The observer’s ability 
to integrate information frame-to-frame allows complex spatial 
relationships of vessels to be perceived. 

Simplified views are routinely used during interpretation. 
Collapse images, primary axis projection across selected 
subvolumes, bear a “tomogram effect” since overlying and 
irrelevant vessels are eliminated from the image. In many 
cases, 2D collapse images can very effectively reveal details 
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of interest by presenting a simplified or unobstructed view 
and hence serve as the best representation. Viewing individual 
slices of the 3D flow image in the axial, sagittal, or coronal 
planes presents the finest details of the volume image. 

Insight gained from our work suggests three important 
criteria are required for effective presentation of 3D flow 
images: 

1. A consistent spatial perspective should be portrayed in 
the projection images. For example, a dim slow-flow vessel 
closer to the viewer should obscure a deeper, bright fast-flow 
vessel. Closer objects should be visualized as closer. Depth 
queuing should be consistent. 

2. The relative flow information intrinsic to phase-contrast 
images should be presented correctly and consistently in the 
projection images. 

3. Artifacts should not be introduced that jeopardize clinical 

efficacy. 
The maximum-intensity projection algorithm violates objec- 
tives 1 and 2. No spatial perspective is supplied in the 
projection images other than the observer's inferences from 
frame-to-frame relative motions. At any given projection pixel 
location, a pixel is given the maximum flow signal regardless 
of context. Two vessels that cross always take on the higher 
flow value at their intersection regardless of which vessel is 
closer to the viewer. An anterior viewpoint is exactly equiva- 
lent to a posterior viewpoint. Also, as a projected volume is 
increased, small vessels and low-flow details tend to disap- 
pear. Vessel diameters tend to be undersized since signal 
from flow near vessel walls descends toward background 
levels. A representation algorithm satisfying these three 
objectives would markedly benefit 3D angiography 
interpretation. 


Comparison with X-ray Contrast Angiography 


Information obtained from contrast angiography and phase- 
contrast angiography differ. In contrast angiography, contrast 
material mixes with blood and attenuates an X-ray beam in 
order to produce a 2D image of vasculature. Laminar and 
complex flow cannot be directed distinguished. The morphol- 
ogy of the walls of a vessel is well visualized. In MR angiog- 
raphy, phase-dispersion effects along with slow peripheral 
velocities tend to cause low signal near vessel walls. Hence, 
the diameter of vessels will tend to appear smaller in MR 
phase-contrast angiography relative to contrast angiography. 
The velocity profile becomes much more complicated when 
the blood flow is pulsatile and/or the vessel cross section 
changes (e.g., bifurcates). In general, because flow-encoded 
signal near the vessel wall is low, morphologic characteristics 
of the wall including aneurysmal outpouching, ulcerations, 
and plaques may not be demonstrated as well by MR phase- 
contrast angiography. The inability of MR phase-contrast 
angiography to demonstrate the 2-mm internal carotid artery 
aneurysm shown on contrast angiography (Fig. 3) is probably 
related to low signal owing to voxel size, phase dispersion, 
and slow flow within the aneurysm. 

The advantages of the phase-contrast technique when 
compared with contrast angiography include (1) noninvasive- 
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ness; (2) the ability to better manipulate data—especially 
when.3D acquisitions have been obtained and individual slices 
or subsets can be observed; (3) the potential to quantify flow; 
and (4) the ability to obtain total vascular information that 
may require two or more catheter placements in contrast 
angiography. 


Phase-Sensitive vs Time-of-Flight (TOF) Methods 


The two basic strategies that have emerged for 3D imaging 
of vasculature blood flow by MR are phase-contrast methods 
and TOF methods. Among the various TOF methods, clinical 
utility has been reported for the 2D sequential slice approach 
[7] and 3D volumetric method [8-10]. 

In TOF studies, influx of fully relaxed spins into the excited 
volume is used to advantage so that unsaturated inflowing 
blood will have detectably higher signal compared with sta- 
tionary tissue in steady-state saturation. The differential sat- 
uration will depend on the T1 and T2 of tissue surrounding 
the vessels. Because flow is detected in a manner that is not 
dependent on flow-induced phase shifts, signal loss arising 
from pulsatile and complex fiow is less problematic. Loss of 
signal from phase dispersion can be reduced with TOF since 
shorter TE is achievable and gradient waveforms compensat- 
ing for velocity and acceleration are typically applied. Com- 
pared with phase-contrast techniques, this may allow better 
visualization of signal from complex flow. TOF methods, 
however, are limited since signal from slow and/or saturated 
flow cannot be separated from stationary tissue. More slowly 
flowing blood that has been subjected to many RF pulses will 
not have enough signal to be distinguished from surrounding 
tissues. Also, structures with a short T1, such as methemo- 
globin in a thrombus, may appear bright on TOF studies and, 
therefore, may be difficult to distinguish from flowing blood 
given the TOF angiogram alone. 

The TOF image is sensitive to all velocity components of 
flow in a single acquisition. Consequently, complete flow 
information can be imaged in about 40% the time required by 
the phase-contrast technique (equal FOV, voxel size, and 
current implementations). 

Advantages of phase contrast when compared with TOF 
generally include (1) detection of slow flow using small voxel 
size and, therefore, better definition of small vessels, vessel 
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wall morphology, and normal and pathologic venous struc- 
tures; (2) images that present relative flow information among 
vessels; (3) the potential for quantitative flow measurements; 
and (4) direct suppression of stationary tissue. 


Conclusions 


MR angiography provides the ability to directly image vas- 
culature noninvasively. No single acquisition technique will 
likely serve in all clinical applications. Our experience in the 
head and neck suggests that MR phase-contrast angiography 
will achieve results comparable to IV digital subtraction an- 
giography. Further work is required to shorten the acquisition 
time and concomitantly improve image quality, to define the 
relative roles of the various approaches to MR flow imaging, 
to refine and broaden clinical knowledge regarding MR angio- 
grams, and to extend the technique to other body regions. 
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Amplatz Vena Caval Filter: Clinical 
Experience in 30 Patients 


Amplatz vena caval filters were inserted percutaneously in 30 patients. Radiologic 
and clinical follow-up was available in 24 patients (cavogram, CT, or sonography in 20 
patients, plain abdominal radiographs in two, and lower extremity venograms in two). 
Clinical follow-up only was available in four patients, and autopsy reports were available 
in two patients without radiologic follow-up. The filter was inserted without difficulty in 
29 (97%) of the patients. Complications after insertion included recurrent pulmonary 
embolism in two (7%) of 30, caval thrombosis in seven (23%) of 30, ipsilateral lower 
extremity deep venous thrombosis after placement of the filter in one (3%) of 30, caval 
penetration in two (10%) of 20, and caval stenosis in one (5%) of 20. No migration of 
the filter was noted. 

Our experience suggests that the Amplatz vena caval filter is easy to insert and 
adequately prevents recurrent pulmonary embolism but is associated with a relatively 
high rate of caval thrombosis. 
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Pulmonary embolism is a significant cause of morbidity and mortality, even with 
appropriate treatment [1]. Transvenous interruption of the inferior vena cava (IVC) 
is indicated in patients with significant deep venous thrombosis (DVT) or pulmonary 
embolism who have contraindications to systemic anticoagulation or in whom 
anticoagulation fails. A vena caval filter also may be indicated in some high-risk 
persons [2, 3]. In addition to the Kimray-Greenfield filter, several new caval filters 
designed specifically for percutaneous insertion are now available or in clinical trials 
[4-11]. 

We assessed the effectiveness of the Amplatz filter in preventing recurrent 
pulmonary embolism and evaluated complications of filter insertion and placement. 


Materials and Methods 


Thirty patients in whom Amplatz vena caval filters (Cook, Bloomington, IN) were placed 
were included in the study. Informed consent was obtained from all subjects. Twenty-one 
(70%) patients were men, and nine (30%) were women. The average age of the patients at 
the time of filter insertion was 66 years. Indications for filter placement were contraindication 
for anticoagulation in 25 cases and failure of anticoagulation in five cases. 

The first filter was inserted in August 1986, and the last was placed in March 1988. 
Insertion was via the right femoral vein in 26 patients and the left femoral vein in four patients. 
Follow-up was available in all 30 patients. Of these, 24 had radiologic follow-up: 15 plain 
abdominal radiographs, 13 cavograms, 11 IVC and lower extremity venous sonograms, seven 
abdominal CT scans, four lower extremity venograms, and three radionuclide ventilation/ 
perfusion (V/P) lung scans. Some patients had more than one imaging study performed. 
Clinical follow-up was available only in four patients. Two patients had no radiologic follow- 
up studies but did have autopsy reports for review. The average length of follow-up was 13 
months (range, 1-32 months). Sixteen patients were known to have died by the last available 
follow-up. None of these deaths were related to the filter insertion procedure or to the filter 
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itself. No attempts to retrieve the filter were made. One filter was 
repositioned during insertion by use of the filter hook and a tip- 
deflecting guidewire. 

The diagnosis of recurrent pulmonary embolism was based pri- 
marily on clinical evaluation, although V/P lung scans were obtained 
in three patients, and autopsy reports were available in two other 
patients. Caval thrombosis was detected by cavography, sonogra- 
phy, or CT of the IVC; autopsy; or clinical assessment. IVC throm- 
bosis was considered present on sonography only if fixed intraluminal 
echoes consistent with thrombus could be identified in the IVC in 
association with abnormal Doppler signal. Patients who refused fol- 
low-up imaging but had new onset of bilateral lower extremity swelling 
without other reasons for leg edema after placement of the filter were 
considered to have caval thrombosis. Caval penetration and caval 
stenosis were detected by venacavography, sonography, CT, or 
autopsy. Patients in whom a portion of the filter was more than 2 
mm outside the caval wall on venacavography were considered to 
have caval penetration. Greater than 20% narrowing of the IVC at 
the site of the filter compared with the rest of the IVC was considered 
an indication of caval stenosis. Filter migration was diagnosed if 
movement of the filter farther than 1 cm cephalad or caudad was 
seen on any imaging study. The detection of lower extremity DVT 
was based on duplex compression sonography (performed in con- 
junction with IVC sonography), venography, and clinical assessment. 
Patients who refused imaging follow-up but clinically had new onset 
of ipsilateral unilateral leg swelling without other reasons for leg 
edema after placement of the filter were considered to have DVT. 
Leg swelling and DVT contralateral to the site of insertion of the filter 
were not considered complications of insertion. Patients with caval 
thrombosis were not considered positive for DVT unless an isolated 
thrombus in the ipsilateral leg was documented. 


Results 


Twenty-nine (97%) of the 30 filters were inserted without 
difficulty, even in relatively complex cases (Fig. 1). In one 
patient, the first filter selected for insertion would not pass 
easily through the sheath. A second Amplatz filter was used 
and was placed without incident. Filter insertion was well 
tolerated by all of the patients. One filter was slightly reposi- 
tioned, but no filters were retrieved from the IVC. 
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Two (7%) of 30 patients had documented recurrent pul- 
monary embolism. One patient had symptoms of pulmonary 
embolism approximately 3 months after placement of the 
filter. A V/P scan obtained at that time had a high probability 
for pulmonary embolism, unlike the low-probability V/P scan 
obtained immediately before insertion of the filter. A second 
patient died 1 month after insertion of the filter. At autopsy, 
the cause of death was listed as acute pulmonary embolism. 
No thrombus was seen in the filter or the vena cava at 
autopsy. One patient had an intermediate-probability V/P lung 
scan, which was unchanged from a V/P lung scan obtained 
before insertion of the filter. This was not considered a 
recurrent pulmonary embolus. Twenty-seven patients had no 
signs or symptoms to suggest recurrent pulmonary embolism. 

Seven (23%) of 30 patients had caval thrombosis (Fig. 2). 
Five patients had imaging studies confirming the diagnosis 
(four by venacavography and one by sonography). Of the five 
cases of caval thrombosis proved by imaging studies, two 
were symptomatic. Two patients without imaging studies had 
clinical signs and symptoms of caval thrombosis. None of the 
four symptomatic patients had severe enough symptoms to 
require medical treatment specifically for caval thrombosis. In 
two patients, an isolated small thrombus was seen in the 
inverted cone of the filter on venacavography. These thrombi 
did not extend outside the cone of the filter, and the results 
of the studies were not considered positive for caval throm- 
bosis. 

Two (10%) of 20 patients with imaging studies of the IVC 
had extension of a portion of the filter more than 2 mm outside 
the column of contrast material. In one case, filter prongs 
extended 8 mm outside the column of contrast material on 
an anteroposterior venacavogram. No caval narrowing was 
present at the level of the filter prongs. In the other case, the 
filter hook was 10 mm outside the column of contrast material 
on a venacavogram obtained with the patient in the right 
anterior oblique position (Fig. 3). The IVC was narrow at this 
level. CT scanning of this area was limited by artifact from 
the filter, but the filter hook extended outside the caval wall. 





Fig. 1.—Radiographs and venacavogram show placement of Amplatz vena caval filter above Kimray-Greenfield filter. 

A, Radiograph shows previously placed (via surgical cutdown of internal jugular vein) Kimray-Greenfield filter tilted counterclockwise and a large 
trapped embolus extending through one side of filter (arrows). 

B, Radiograph shows guidewire (arrows) passed through Kimray-Greenfield filter from left femoral vein. 

C, Venacavogram shows Amplatz filter (arrow) in position above Kimray-Greenfield filter. Embolus (arrowheads) has not been dislodged. 


Fig. 2.—Venacavograms show caval throm- 
bosis after placement of Amplatz filter. 

A, Amplatz filter (arrow) was placed success- 
fully in proximal portion of inferior vena cava 
(IVC). Barium is present in retroperitoneum 
(asterisk). 

B, One year after A, Amplatz filter (arrowhead) 
is tilted, IVC is occluded, and most flow of con- 
trast material is through an enlarged ascending 
lumbar vein (arrows). 


Fig. 3.—Venacavograms and CT scans show 
caval penetration and stenosis. 

A, Venacavogram shows an Amplatz filter (ar- 
row) placed successfully in left inferior vena 
cava (IVC). 

B, Venacavogram obtained 18 months after A 
shows a short segment of IVC is narrowed (ar- 
rows) and filter hook extends outside column of 
contrast material (arrowhead). 

C, CT scan shows Amplatz filter tilted in left- 
sided IVC (arrow). 

D, CT scan slightly below level in C shows 
extension of filter hook (arrow) outside wall of 
IVC (arrowhead). 


Cc 


No surrounding hematoma or fibrosis was present, and the 
caval wall was not obviously thickened. Neither patient was 
symptomatic from the penetration. 

Only one (5%) of 20 patients had stenosis of the IVC greater 
than 20% at the filter site on venacavography. In this case, 
caval narrowing of 32% was present 18 months after insertion 
of the filter. This patient was asymptomatic. 

No filter migrations were noted in any of the 24 patients 
with radiologic follow-up. 

One (3%) of 30 patients had evidence of lower extremity 
DVT ipsilateral to the insertion site proved by venography. 








The patient was symptomatic. Two patients with caval throm- 
bosis proved by imaging studies who had unilateral leg swell- 
ing after placement of the filter were not considered to have 
DVT. One patient had contralateral DVT proved by venog- 
raphy. This was not considered a complication of filter inser- 
tion. 


Discussion 


The Amplatz vena caval filter is one of several new vena 
caval filters designed specifically for percutaneous insertion 
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[4-12]. The filter consists of 18 wires arranged into 12 
separate prongs (Fig. 4). Every other prong has one wire in a 
loop configuration to limit caval penetration of the prongs to 
2 mm. The stem has a small hook for percutaneous removal 
via the femoral vein [13, 14]. The filter can be inserted via 
either the femoral vein or the jugular vein. 

Insertion of the filter was well tolerated by all patients in 
our series. Only one problem, a mechanical filter/sheath mal- 
function, was encountered during insertion. Another Amplatz 
filter was placed in this patient without further incident. 

A major advantage of this filter is the smaller size of the 
introducer catheters (14-French). This makes insertion easier 
and may decrease the frequency of complications, primarily 
DVT, at the insertion site. DVT at the insertion site has been 
reported to be as high as 41% after percutaneous placement 
of the Kimray-Greenfield filter [15, 16]. Only one (3%) of 30 
patients in our series had signs and symptoms of lower 
extremity DVT ipsilateral to the insertion site. Femoral vein 
thrombosis was confirmed by venography. This compares 
favorably with the insertion site thrombosis rate (3%) reported 
in another series of patients with Amplatz filters [12]. Two 
patients with unilateral leg swelling and proved caval throm- 
bosis extending bilaterally into the iliac veins were not consid- 
ered to have DVT from placement of the filter. One patient 
developed contralateral DVT proved by venography. This 
case was not considered a complication of filter insertion. 
Unfortunately, not every patient was available or agreeable to 
radiologic follow-up for evaluation of insertion site complica- 
tions, and the insertion site was not routinely studied in every 
patient. Undoubtedly, DVT in some asymptomatic patients 
was overlooked. 

Although the Amplatz filter is designed with an attached 
hook for percutaneous removal, the reason for the filter being 
inserted does not usually resolve in a short enough time for 
the filter to be removed [11-14]. This design is probably more 
useful for repositioning a poorly placed filter. 

No filter migration of more than 1 cm cephalad or caudad 
was observed in 24 patients with radiologic follow-up. One 
centimeter was chosen as the threshold so that minor 
changes in radiography or the patient’s position would be 
accommodated. Migration is well documented to occur with 
most filters. The Kimray-Greenfield filter has a reported mi- 
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Fig. 4.—Amplatz filter. Hook for percutaneous 
retrieval is attached to filter stem (arrow). 


gration rate of 29% caudad and 6% cephalad. This migration 
is usually asymptomatic [17]. The Gunther filter has a high 
rate of caudad migration (70%), but this is thought to have 
little clinical significance [7]. Although the original bird’s nest 
filter was subject to migration, this has not occurred with the 
modified filter [9, 18]. 

Caval stenosis at the filter site may be due to pericaval 
hematoma, fibromuscular hyperplasia, or postphlebitic 
changes in the caval wall. This also may account for the 
minimal narrowing (less than 20%) of the IVC that is frequently 
present at the point where the filter is in contact with the 
caval wall [14]. Significant narrowing (greater than 20%) of 
the IVC at the filter site developed in only one of our patients, 
and this patient was asymptomatic. 

Penetration or perforation of the caval wall with subsequent 
injury to adjacent structures has been reported with the 
Kimray-Greenfield filter and with the new titanium Greenfield 
filter [19, 20]. The prong and loop design of the Amplatz filter 
limits penetration of the caval wall to 2 mm. In two of our 
patients, a portion of the filter was more than 2 mm outside 
the column of contrast material on venacavography. In one 
patient, this involved the filter prongs. No caval narrowing 
was present at the level of the filter prongs to suggest 
fibromuscular hyperplasia similar to that seen with caval ste- 
nosis [14]. In the other patient, the filter was tilted, and the 
hook was 10 mm outside the column of contrast material. 
CT, although limited by artifact, suggested true penetration. 
Neither patient with caval penetration was symptomatic. 

The goal of the ideal caval filter is to stop all significant 
emboli from reaching the pulmonary circulation while main- 
taining normal blood flow in the vena cava. A significant 
incidence of caval thrombosis was seen with the Mobin-Uddin 
filter [21, 22]. This led to the development of the Kimray- 
Greenfield filter, which has a caval patency rate of approxi- 
mately 95% [2, 23, 24]. We found a significant prevalence of 
caval thrombosis in our series with the Amplatz filter. Five 
(25%) of 20 patients with imaging studies of the IVC had 
caval thrombosis. Only two of these patients were sympto- 
matic. Two other patients were considered to have caval 
thrombosis on the basis of clinical symptoms. This gave a 
combined radiologic and clinical rate of caval thrombosis of 
seven (23%) of 30. This is somewhat higher than the 17% 


rate of caval thrombosis noted in a previous report of patients 
with the Amplatz filter [12]. This high rate of caval thrombosis 
may be related to the Amplatz filter design. An in vitro study 
of the flow dynamics of various filters showed the Amplatz 
filter to have increased flow disturbance compared with the 
bird’s nest and nitinol filters, which have lower reported clinical 
rates of caval thrombosis [9, 10, 25]. As with the diagnosis 
of DVT at the insertion site, similar limitations for the diagnosis 
of caval thrombosis were present in this study: not every 
patient had definitive imaging studies, and caval thrombosis 
was diagnosed on the basis of clinical findings in some cases. 
However, definitive imaging studies of the IVC were available 
in 20 (67%) of our 30 patients. Another limitation in the 
diagnosis of caval thrombosis is that massive embolization 
can cause caval occlusion. If follow-up evaluation of the filter 
is performed before the embolus lyses, this might be inter- 
preted as caval thrombosis. This is a controversial area, and 
we made no attempt to differentiate caval thrombosis from 
massive trapped embolus. Although our caval thrombosis 
rate (23%) seems high compared with reports of other filters 
such as the Kimray-Greenfield and bird's nest, caval occlusion 
rates for these other filters have been based primarily on 
Clinical follow-up and assessment of caval patency [2, 9, 22- 
24]. 

The Kimray-Greenfield filter has been quite effective in 
preventing significant pulmonary emboli, with reported fre- 
quencies of recurrent emboli in the range of 2-10% [2, 17, 
22-24]. Most of these studies, however, had no standard 
imaging procedures to detect recurrent emboli, and the di- 
agnosis was made primarily on the basis of clinical impression. 
Patients with asymptomatic emboli would thus be missed and 
the rate of recurrent emboli underreported. Similar limitations 
are present in our series. Two (7%) of our 30 patients had 
documented recurrent emboli after Amplatz filter placement. 
One case was proved by change in a V/P lung scan. One 
patient died of recurrent emboli, proved at autopsy, 1 month 
after insertion of the filter. No other patients had imaging 
studies or clinical signs and symptoms suggesting emboli. 
When allowing for the relatively small sample size and the 
limitations of the clinical diagnosis of emboli, the rate of 
recurrent emboli in this series compares favorably with the 
rates reported previously for the Amplatz filter, Kimray-Green- 
field filter, and other percutaneously inserted caval filters [2, 
7-10, 12, 17, 22-24]. An important aspect of the Amplatz 
filter is that its thrombus-trapping ability is not affected by 
tilting in the caval lumen, unlike that of the Kimray-Greenfield 
filter [25]. Several of the filters in this series were tilted, but 
no definite clinical significance of the tilt was evident. 

This report documents the experience of a single institution 
with the Amplatz vena cava filter in 30 patients. Most of the 
findings compare favorably with those of a previous multicen- 
ter study; the most significant difference is a higher rate of 
caval thrombosis [12]. The major advantages of the Amplatz 
filter are its ease of insertion, retrievability, lack of clinical 
migration, and reasonable effectiveness at preventing recur- 
rent pulmonary emboli even when the filter is tilted. This filter 
is an excellent choice in patients with difficult anatomy or in 
critically ill patients where rapid, uncomplicated placement of 
a vena caval filter is needed. The Amplatz filter and Gunther 
filter are the only two filters designed for percutaneous re- 
moval should that be desirable [7, 11-14]. The major draw- 


back of the filter is a high rate of caval thrombosis, probably 
related to the intrinsic design of the Amplatz filter and its 
blood-flow characteristics. Until long-term stability and ac- 
ceptable complication rates are proved, we are hesitant to 
place this filter in a younger person with significant life ex- 
pectancy when other suitable vena caval filters are available. 
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Radiologic Image Communication Methods 


H. K. Huang,’ S. L. Lou, Paul S. Cho, Daniel J. Valentino, Albert W. K. Wong, K. K. Chan, and Brent K. Stewart 


A picture archiving and communication system (PACS) 
consists of four components: acquisition devices, a host 
computer, an image archive, and display stations (which 
include video monitors and printers). These four components 
are connected by an image communication network. Each 
component has a computer or a processor that controls the 
image transfer. The speed of the communication depends on 
the type of processor used, the physical media containing the 
processors, and the software or the protocol that controls 
the communication between the processors. Connecting 
these components may be the most difficult technical task in 
a PACS implementation. Although the implementation of the 
American College of Radiology/National Electrical Manufac- 
turers’ Association (ACR/NEMA) communication standard 
might alleviate some of the difficulties, it will still be a long 
time before major imaging manufacturers adopt this standard 
for their equipment. In this paper, we describe some current 
methods used in radiologic image communication and other 
emerging network technologies. 


Broadband Video 


The simplest method of image transmission is the broad- 
band video communication system. A broadband communi- 
cation system uses a single or double coaxial cable that can 
be connected anywhere along its length for immediate two- 
way access to information. The term broadband refers to the 
fact that information is transmitted over a wide band of radio 
frequencies. A video image (RS-170 signal) at the transmitting 
end is encoded and converted to the radio frequency range 








and is decoded at the receiving end, very much the same as 
in cable television technology. Each 512 x 512 pixel image 
can be assigned to a given 6-MHz channel in the 5-540 MHz 
frequency range. This broadband signal is then placed onto 
the broadband cable and mixed with the other channels during 
the transmission. At the receiving end of the cable, a television 
tuner (broadband demodulator) simply tunes to the appropri- 
ate channel and demodulates the broadband information back 
into an RS-170 signal, which can be displayed on a video 
monitor. Theoretically, 60 simultaneous channels can be sup- 
ported, with each channel transmitting 512 x 512 pixel images 
at 30 frames;sec. 

Broadband video communication can be used to monitor 
examinations of patients. An example is the MR image mon- 
itoring system. This system is for monitoring examinations 
performed in an MR trailer that is located outside the hospital. 
Because it is not practical for the radiologist to be in the trailer 
for every examination, it is convenient to have the technologist 
perform the examination and send real-time MR images to 
the radiologist for immediate consultation. The radiologist 
views the images as the study is being performed and in- 
structs the technologist to either continue, change sequence, 
or abort the study. 

Figure 1 shows the architecture of such a broadband video 
communication system. The same broadband system also 
can be used for monitoring CT and sonographic examinations. 
For example, we can select channel 2 for MR, channel 3 for 
CT, and channel 4 for sonography. The advantage of the 
broadband communication system is that it is inexpensive 
and is capable of transmitting images in real time. The dis- 
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Fig. 1.—Architecture of a broadband video communication system for 
monitoring MR examinations. MR images from the scanner’s console are 
sent to modulator, which converts video signals to a certain RF range. 
Converted signal is sent to head end, which assigns it to a broadband 
channel. Signal is broadcast through cable and received by any station 
tuned to this channel with demodulator. 


advantage is that images that appear on the monitor are 
volatile and therefore cannot be stored or retrieved later. Also, 
the image quality may not be sufficient for primary diagnosis 
because the image is from a video monitor and the coaxial 
broadband cable degrades the video signal. 


Parallel Transfer (DR11-W) 


The DR11-W computer board uses a 16-bit parallel transfer 
interface designed by Digital Equipment Corp. (Boston, MA) 
in the late 1970s. The specification of the transfer speed is 
about 1 megabyte/sec; this translates to sending a 1K x 1K 
pixel image through the parallel communication cables in 1 
sec. The drawback of this communication method is that the 
cable length between the two host computers (or processors) 
is very short, normally less than 50 ft. It is possible to use a 
pair of fiber-optic modems to extend the distance between 
the acquisition device and the host computer to about 1000 
ft. This connection is convenient if the computed radiography 
system is located at a common processing area in the radiol- 
ogy department and the host computer is at a remote location. 
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Standard DR11-W emulator boards that implement this inter- 
face are now available for many computers. The effective 
performance of this image transfer method from the Digital 
Equipment Corporation’s VAX computer to other devices is 
less than 10% of the specification, between 50 and 70 kilo- 
bytes/sec; from the SUN (Mountain View, CA) computer to 
other devices, it is about 100 kilobytes/sec. In radiology 
applications, the DR11-W is used for connecting a host 
computer and an image acquisition device or a printer. For 
example, it is used in computed radiography systems [1] and 
laser film scanners and printers [2]. The computed radiogra- 
phy system developed by Fuji Photo Ltd. (Tokyo, Japan) and 
distributed by Philips, Siemens, and Toshiba uses this transfer 


method to send the image to an external computer. 


Ethernet Communication 


The Ethernet with Transmission Control! Protocol/Internet 
Protocol (TCP/IP) is the most popular serial digital communi- 
cation method, almost a standard in every computer built in 
the late 1980s. The maximum signaling speed of Ethernet is 
10 megabits/sec. In practice, we can achieve about 10-40% 
of its maximum speed. Ethernet was designed for transmis- 
sion of text information (small files) and is not suitable for 
image (large files) communication. Early experience with use 
of Ethernet for image communication [3] was not encourag- 
ing. However, recent improvements in both the hardware and 
software protocol of Ethernet technology are promising. In 
the following paragraphs, we discuss our clinical experience 
with standard Ethernet communication methods. 

For this discussion, it is advantageous to distinguish be- 
tween the communication from an image acquisition device 
to a host computer and that from a host computer to an 
image archival or display station. In the case of transmitting 
images from an acquisition device to a host computer, the 
transmission speed on Ethernet is very slow. One reason is 
that the transfer speed is constrained by the older generation 
computer used in the acquisition device, which was not 
designed for image communication. When a digital image 
must be transmitted, the technologist pushes a key on the 
device console fo start the image transmission. Table 1 (left 
columns) shows our experience with this mode of image 
transmission. It takes about 30 sec to send a CT scan (16 
bits/pixel), 4 sec for an MR image (8 bits/pixel), and 8 sec for 
a sonogram (8 bits/pixel) from the acquisition device to the 
host computer, without use of image compression. 

The speed of transferring an image from the host computer 
to either the image archival or the display station is much 
higher. This is because we are no longer limited by the 
acquisition device and can select suitable computers for the 
host, as well as for the archival and display stations. Table 1 
(right columns) shows image transfer speed from the host 
computer to a display station in a clinical environment. For 
example, the communication between the VAX (Maynard, 
MA) and the PC/AT computer (IBM, Poughkeepsie, NY) can 
reach about 100 kilobytes/sec. This means that this combi- 
nation can transmit an MR, a CT, and a sonography image 
from the host computer to the display station in 2, 5, and 4 
sec, respectively. The transfer rate can reach about 200 
kilobytes/sec if both the host computer and the display station 
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TABLE 1: Ethernet Communication Point-to-Point Transfer Rate for Radiologic Images 





Acquisition Device to Host Computer 


Host Computer to Archival Station and Display 














Station 
Technique Speed in Computer <> Computer Protocol Speed in 
(Computers/Manufacturer, Protocol) kilobytes/sec (Manufacturer) kilobytes/sec 
GE 9800 CT (Eclipse —> Sun/Ethernet) VAX <> AT FTP? (Excellan) 40 
FONAR MR (AT/Excellan <»AT/Excellan, FTP) 30-40 VAX «> AT Data Link (MICOM) 100 
ATL Sonography (XT/Excellan —-» VAX/Excellan, FTP) Sun — Sun FTP (Sun) 180 


(AT/Excellan > VAX/Excelian, FTP) 





a File transfer protocol. 


computer are SUNS. As the acquisition device is dictated by 
the manufacturer, the computer for the device cannot be 
changed. Thus, the speed from the acquisition device to the 
host computer cannot be improved unless the manufacturer 
upgrades the acquisition-device computer. On the other hand, 
the host computer, the display station computer, and the 
archival computer can be selected by the user for high-speed 
communication purposes. From the data shown in Table 1, it 
is clear that the slowest communication link ina PACS module 
is from the acquisition device to the host computer. 


Image Communication Networks 


The DR11-W interface allows the connection of only two 
computers, and Ethernet performance degrades drastically 
when more than two computers are connected (see Figure 
4). Thus, both methods are good only for point-to-point image 
transfer and are not suitable for image networking. In order 
to have good throughput in image networking, use of the 
concept of clusters is important. A cluster can be loosely 
defined as a PACS module or a group of imaging components 
within which images are transmitted. Figure 2 shows the 
architecture of a cluster. A major component in a cluster is 
the hub. The function of a hub in an imaging network is to 
relay image information rapidly between sources and desti- 
nations. In this design, there are two hubs; one accepts 
images acquired from acquisition devices, the other accepts 
images sent by the host computer, and both accept images 
sent by other clusters. The image transfer rate from acquisi- 
tion devices to the first hub is slow because of the older 
computers used in the acquisition devices. However, the 
image transfer rate from other clusters to the host computer 
in the display station through the second hub can be very 
fast. The second hub also is used to transmit images very 
quickly to different display stations. Once the images are in a 
display station, they are stored in a local high-speed magnetic 
disk and can be retrieved and displayed rapidly. 

As we do not anticipate that manufacturers will change the 
computers in their acquisition devices, the image communi- 
cation speed from the device to the host computer will remain 
slow. However, we can design high-speed communication 
with state-of-the-art technology between the host computer 
and a hub, between hubs, and between a hub and display 
stations and image archival stations. 


Emerging Communication Technologies 


We have some preliminary experience with three emerging 
communication technologies using fiber optics as the com- 
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Fig. 2.—Connectivity within a cluster. Image transfer rate from an 
acquisition devise to hub is relatively slow because of processor and 
network controller used in acquisition device. However, transfer rate be- 
tween ail other components when using host adaptor and hub can be very 
fast. OD = optical disk. 


munication media. The first is a rooted-tree network architec- 
ture (Canstar Super 100 network, Toronto, Canada). The 
Canstar Super 100 network consists of two major compo- 
nents—the concentrator (or hub), with a 100 megabit/sec 
transfer rate, and the host-interface unit, with a 10 megabit/ 
sec transfer -ate (will be upgraded to a faster rate in first 
quarter, 1990). The host-interface unit is inserted in the back- 
plane of the host computer and is connected to the concen- 
trator with duplex optical fiber. The concentrator allows up to 
eight connections. An example of the cluster design is a 
concentrator connected to four acquisition devices, one host 
computer, a second concentrator, and two display stations. 
Figure 3 shows the experimental setup of the Canstar net- 
work; we compared the performance of this network with 
that of a standard Ethernet. Figure 4 shows results of one 
comparison. Although the host-interface unit is currently lim- 
ited to 10 megabits/sec, the Canstar performs much better 
than the Ethernet does. 

The second network is the fiber distributed data interface 
(FDDI) with a token ring architecture [4]. FDDI is used as the 
Ethernet; no computer program modification by the user is 
necessary. The specification for the speed of this communi- 
cation method is 100 megabits/sec. Figure 5 shows some 
preliminary results with this communication network. 

Another new high-speed communication network we are 
testing is a star topology architecture (UltraNet, Ultra Network 
Technologies, San Jose, CA) [5]. The maximum signaling 
speed of this network is 1 gigabit/sec. Figure 5 shows some 
preliminary results of a comparison of this network with other 
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Fig. 3.—A rooted-tree network architecture for image communication. 
Concentrator is connected to four computers. Transfer rate of concentrator 
is 100 megabits/sec and that of host interface unit (H.1.U.) is 10 megabits/ 
sec. This experimental setup is to compare transfer speed between 
Canstar Super 100 network, Ethernet, and fiber distributed data interface 
(FDDI). E.l. = Ethernet interface. 
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Fig. 4.—Performance of Ethernet and Canstar network when number of 
connections increases in a centralized model. in this model, one computer 
is used as server and all others are clients. Server sends out images (e.g., 
central storage) and client requests images (e.g., a display station). Buffer 
size is 2 kilobytes, and measurement is from computer memory to com- 
puter memory. For Ethernet, performance decreases drastically from 365 
kilobytes/sec to 60 kilobytes/sec when number of server-client pairs 
increases from one to seven. This result clearly shows limitation of use of 
Ethernet and Canstar as image communication network when number of 
connections becomes large. 


networks under the same test conditions. These results show 
that, for point-to-point communication, this star topology net- 
work can transmit a 2K x 2K pixel image in 1.3 sec. 


Conclusions 


We have discussed our experience with three commonly 
used image-transfer methods for radiology and measured 
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Fig. 5.—Point-to-point comparison of performance of four communica- 
tion methods: Ethernet, Canstar, fiber distributed data interface (FDDI), 
and UltraNet. A point-to-point model was used. Computers used were a 
SUN 3/160 and a SUN 3/260 running UNIX 4.0 operating system. Commu- 
nication protocol used was Transmission Control Protocol/internet Proto- 
col. UltraNet is almost 10 times faster than Ethernet. 3100 kilobytes/sec- 
can be translated to transmitting a 2K x 2K image in 1.3 sec. 


their performance in a clinical environment. The broadband 
video is most useful for monitoring patients, the Ethernet and 
the parallel transfer with the DR-11W are best suited for 
connecting an image acquisition device to another component 
in the image network. DR-11W also is used for connecting 
an output device such as the film laser printer to the network. 
However, these three methods are not adequate for image 
communication in a PACS network. The video broadband 
may degrade the image quality. In the case of Ethernet and 
DR-11W, the image transfer rate is too slow. Three emerging 
technologies that use fiber optics as the communication me- 
dia—the rooted tree network architecture, the FDDI with 
token ring architecture, and the star topology-——hoid promise 
for rapid communication of radiologic images. Preliminary 
experimental results show that the star topology with the 
Ultranet can transmit a 2K pixel image in 1.3 sec. If this 
performance could be sustained throughout the picture ar- 
chiving and communication systems network, it would satisfy 
the requirement of image communication in a digital radiology 
department. We are in the process of designing an experiment 
to optimize the performance of this network. 
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How Many Radiologic Technologists Are Necessary to 
Image Patients Efficiently in a Pediatric Radiology 


Department? 


Candace D. Carver’ and Thomas L. Slovis 


No standards currently exist to determine the time required 
for technologists to perform radiologic examinations of infants 
and children. In the absence of such standards, the determi- 
nation of the number of technologists required in any depart- 
ment is often capricious and at the whim of the chief of 
pediatric radiology, complaints of the referring physicians, or 
financial interests of the hospital administration. The technol- 
ogist’s time per examination is the first variable to assess 
when evaluating departmental efficiency. Once armed with 
this information, all the variables (e.g., registration, number of 
patients arriving at the same time, equipment failure, trans- 
portation) that go into the total time a patient waits for a 
radiologic examination can be determined. 

Because having the patient wait for a radiologic examina- 
tion the shortest time possible is a major departmental priority, 
we evaluated the minimal number of technologists necessary 
to image 46,216 patients who received plain film examina- 
tions during 1 year on the day shift at Children’s Hospital of 
Michigan. Information gathered on these patients included (1) 
time required to perform each examination (technologist s 
time), (2) time each examination room was used (room utili- 
zation), and (3) waiting time in the department. 

At the onset, we arbitrarily set a goal of 20 min total time 
for a patient to be in the department. Because the number of 
radiologic suites was fixed (four rooms), we tried to decrease 
examination time by (1) having “float” technologists aid with 
immobilization and fill in during lunches and breaks, (2) using 
a loading/unioading daylight system to increase our efficiency, 


and (3) having one technologist responsible for quality control. 
In an attempt to meet our goal, we altered patient flow 
patterns, coordinated these patterns with our staffing, used 
specific radiology transporters, and decreased the time nec- 
essary for registration. 


Patients and Methods 


For simplicity, patients were classified according to the radiologic 
suite, emergency or main department, in which they had their exam- 
ination. Patients from the emergency department and the orthopedic 
clinic were imaged in the emergency department’s radiologic suite 
(ER patients). The diagnostic suite in the main department was used 
for all other clinic patients and those referred by private physicians 
(outpatients) and for all inpatients. This classification of ER patients, 
outpatients, and inpatients is important because each group had its 
own variables regarding total departmental time. 

A total of 130-150 patients between the ages of 3 days and 21 
years were examined each day. Fifty-five percent were examined in 
the emergency department’s suite and 45% in the main department. 
Each suite consisted of two rooms with a three-phase generator, a 
circa-1972 table, and a ceiling-mounted tube. The emergency de- 
partment’s suite had wall-mounted daylight unloading equipment, 
whereas the main department’s suite had a loading/unioading com- 
pact daylight system. Most of the common piain film studies were 
performed (Table 1), but the two-view chest radiograph was the one 
done most frequently, accounting for more than 60% of the total 
number of examinations. 

Whenever possible, one technologist was assigned to a room (two 
per suite), and two floaters were used to cover lunch and break 
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TABLE 1: Time Required for Radiologic Examinations in the 
Main Department 








isa N Examination 
EEN o. o o. Time (min 
Examination Views Performed ee ) 
Mean + SD 
Chest 2 9515 47+08 
Skull 5 414 9.3 + 2.9 
Sinus 3 579 10.1 + 2.4 
Bone age 2 203 3.6 + 0.5 
Scoliosis 4 318 6.2+0.3 
Foot 4 416 8.5 + 0.8 
Toes 4 53 5.7 + 0.3 
Fingers 4 258 4.8 + 0.3 
Hand 4 158 5.7 + 1.3 
Tibia/fibula 3 464 7540.4 
Femur 3 455 §.62 14 
Elbow 5 109 5.14 0.9 
Shoulders (bilateral) 6 45 11.0 + 0.7 
Sacroiliac joints 5 10 40+ 1.8 
Orbits 6 94 8.8 + 2.8 
Abdomen 3 707 7.5 +3.44 
Forearm 3 393 67 +1.55 
Shunt survey 4 74 12.0 + 2.8 
Ankle 4 185 5.5 + 1.6 
Wrist 4 113 5.4 + 0.9 
Clavicle 3 74 6.44 1.2 
Knee 4 124 8.2+0.4 
Facial bones 4 74 15.7 + 4.2 
Nasal bones 4 64 13.0 + 3.2 
Mandible 5 38 23.3 + 3.8 
Pelvis 1 74 49+1.3 
Hips 2 174 12.0 + 2.3 
Complete spine 12 45 166428 
Cervical spine 5 235 20.3 + 5.3 
Thoracic spine 2 86 9.0+1.9 
Lumbar/sacral spine 5 66 20.0 + 4.5 





Note.—-Examination time includes time required for immobilization, process- 
ing, quality control, and repeat examinations. 


periods and to help with immobilization of patients and so forth. Each 
technologist had a total of 1 hr off during his or her shift. One 
additional technologist was assigned to the quality control station in 
the main department. This staffing pattern was not always possible, 
and the impact of having fewer technologists was evaluated with 
regard to patient flow. Times recorded were when patients arrived in 
the radiology department; when they entered an examination room; 
when they were discharged; and in the case of inpatients, when 
transport was called and when the patient left the department. 


Results 


In all three categories (inpatients, outpatients, and ER 
patients), the average time required for an examination was 
similar (15, 17, and 16 min, respectively), but extraneous 
factors such as time required for transportation, unscheduled 
patients, and registration greatly influenced the total amount 
of time patients were in the department. Examination times 
and number of examinations performed in the main depart- 
ment in 6 months are listed in Table 1. 

We found that the average total departmental time (+SD) 
for 13,483 inpatients was 30 + 8 min per patient, half of 
which (15 + 5 min) was spent waiting for the transportation 
service to return patients to their hospital rooms. The average 
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total departmental time for 19,306 outpatients was 24 + 6 
min per patient. Of this, an average of 7 min was devoted to 
registration. The average total departmental time for 13,427 
ER patients was 16 + 3 min per patient. This time is equivalent 
to their examination time because they did not require regis- 
tration or transportation. In addition, we found that for 58% 
of the time available in the main department and for 68% in 
the emergency department's suite, the radiologic examination 
rooms were occupied by patients. The total time spent by 
patients in the department in relation to the number of tech- 
nologists available is shown in Figure 1. 


Discussion 


The basis of an evaluation of a radiology department's 
efficiency is the actual time required for an examination. As 
the number of examination suites is fixed, the first variable is 
the number of radiologic technologists. In pediatric radiology, 
technologists perform their role by gaining the child’s confi- 
dence, reassuring the patient, and in younger infants, by 
immobilizing the patient. Clearly, two technologists working 
in one suite are more efficient than one. Examination time, 
which includes processing, quality control, and, when neces- 
sary, immobilization and repeat examinations, is kept to a 
minimum by using a dedicated quality control technologist 
and rapid loading/unioading daylight processing systems. 

In the first quarter of our study, the values of all variables 
indicated the need for six to seven technologists on the day 
shift in order to come close to our goal (Fig. 1). This was 
determined by calculating how much time was required for 
an examination and the total time spent in the department 
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Full-Time Equivalents per Day 


Fig. 1.—Number of full-time equivalent radiologic technologists per day 
plotted against total time (exclusive of transport) all patients spent in 
radiology department shows that a minimum of 5.8 technologists is nec- 
essary to accomplish a standard of 20 min total time. With seven technoi- 
ogists, total time can be reduced to 15 min. 
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when different numbers of technologists were available to 
perform the examinations. In addition, we identified specific 
problems related to each group of patients that hindered our 
efforts to reach our goal of 20 min total time in the department. 
Although the goal of 20 min or less was achieved for ER 
patients (16 min), the time required for inpatients was 30 min, 
half of which (15 min) was spent waiting for transportation. 
The cost of employing an additional full-time person to provide 
patient transportation must be balanced against the negative 
aspects of keeping patients in the department the extra 15 
min. Although these patients are inpatients, they are stable; 
unstable patients are examined at the bedside. Special ar- 
rangements are made for examination of infectious patients. 
The only detriment associated with keeping inpatients in the 
department the additional time is that supervision in the 
waiting room is minimal, and often the parents are not present. 
The main reason times in the department were prolonged 
for outpatients was the wide variation in the number of 
patients referred for radiologic procedures from the outpatient 
clinic at any given time (two thirds of the patients came 
between 11 a.m. and 2 p.m.). Another reason for increased 
times was that some of these patients (5%) needed to regis- 
ter, which takes an average of an additional 7 min. Inadequate 
technical staffing was minimal, and mechanical downtime was 
11%. As a result, the suite in the main department was in use 
only 58% of the time. In comparison, the emergency depart- 
ment’s suite was in use 68% of the time; the flow of patients 
was fairly constant, and downtime for this suite was 1.5%. 
During the second through fourth quarters, major changes 
were made in the main department. These included (1) con- 
version to the daylight system for loading/unioading, (2) re- 
orientation of the clinics to distribute their patient flow more 
equally, and (3) adjustment of our technologist staffing pat- 
terns. With these changes, we were able to decrease the 
percentage of patients waiting more than 30 min from 3% to 
0.8% and the percentage of those waiting more than 45 min 
from 2.8% to 0.5%. 
Several authors [1-7] have presented measurements of 
work loads productivity standards, and surveys of general 
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radiology department staffing related to the number of radio- 
logic examinations performed. These reports, however, have 
not included imaging of infants and children and have not 
considered how long it should take to perform radiologic 
procedures in a radiology department. Little consideration has 
been given to the amount of time radiologic suites are in use, 
a crucial determinant of productivity [3, 5}. Our study ad- 
dresses these problems and provides initial standards for 
departmental efficiency and for assessing the number of 
radiologic technologists necessary in a children’s hospital 
setting. The goals of radiology staffing need to be reconciled 
with the goals of the hospital, for it is inconsistent, in terms 
of patient service, for a patient to wait 3 hr in a clinic and 20 
min in radiology. The hospital administration and referring 
physicians need to be partners in this dialog so that expec- 
tations of the time necessary for imaging are appropriate. 
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Fellowship Training for All? 


Curtis E. Green’ 


At the 1989 meeting of the Association of University Radi- 
ologists, a lively open discussion centered on current prob- 
lems in radiology resident and fellow education. Much of the 
discussion concerned two issues: (1) How do we train more 
academic radiologists? and (2) How do we maintain the quality 
and credibility of our specialty as well as our turf in the ongoing 
debates about recertification and performance of various 
specialized procedures? The group seemed to be divided into 
two main camps, those who believe that the formal certifi- 
cation of radiologic subspecialists will result in more academic 
radiologists and those who believe that we should concen- 
trate on training better general radiologists. Those who ad- 
here to the second philosophy worry that further subspecial- 
ization will lead to fragmentation of our speciality, and those 
in favor of the first are concerned that general radiologists will 
not command the respect from their clinical colleagues that 
the radiologic subspecialist can. These two viewpoints may 
not be as disparate as one might think at first glance. 

First, we must realize that because most nonacademic 
practices cannot afford to employ a subspecialist in all areas 
of radiology, the general radiologist is and always will be our 
primary ambassador to private medicine. We as educators 
are therefore obligated to train residents destined for private 
practice well. A 4-year training period should be adequate to 
accomplish this if properly organized, as many are. The 
fundamental core of knowledge should include at least the 
following: 


1. expertise in the interpretation of all plain films 
including mammograms 

2. expertise in the interpretation and supervision of 
abdominal imaging studies including barium and 


other contrast studies, MR imaging, CT, and 
sonography 

3. expertise in cross-sectional imaging of the chest 
and bones 

4. an understanding of the basics of neuroradiology, 
cardiovascular radiology, and interventional ra- 
diology and the ability to perform and interpret 
basic procedures in these areas 

5. a working knowledge of nuclear medicine 

6. most importantiy, a thorough understanding of 
diseases and their expression in various organ 
systems. 


When, then, is some form of subspecialty training either 
desirable or necessary for the private practitioner? One can 
make a strong case that it is only in those areas where special 
technical skills are required such as neuroradiology, cardio- 
vascular/interventional radiology, and pediatric radiology. Ad- 
ditional years of training in other areas may not be necessary 
when the resident has had a good core education. 

A different situation exists when one considers academic 
practice. Here each staff member is usually expected to 
develop enough expertise in a specific area not only to teach 
it well, but also to do investigational work. In this regard, 
many radiology fellowships fall woefully short of ideal because 
they emphasize the clinical aspects to the exclusion of re- 
search skills. As a result, in many cases we are doing nothing 
more than giving our residents a few more credentials with 
which they can find a good private job. As fellowship positions 
are in large part funded out of practice plan funds, this seems 
a poor policy to pursue. f 
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Our current system of fellowship training does not help to 
attract talented young radiologists to academia. That is done 
by gaining their interest through our enthusiasm and keeping 
it by providing training that equips them with the tools they 
need to become investigators as well as experts in their 
chosen subspecialty. Furthermore, we must eliminate the 
“junior staff revolving door,” where the junior facuity leave 
after a short time of being overworked and underpaid, doing 
all the teaching, and being poorly supported in their investi- 
gative efforts, while the older faculty travel, make money, and 
generally dump their responsibilities on their junior colleagues. 
| believe that if we provide the leadership and opportunity, we 
will have no trouble finding high-quality residents willing to 
enter academic practice. 
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In summary, we must maintain intensive residency training 
of at least 4 years, which should fully qualify the resident in 
general radiology as weil as in body CT, MR, and sonography 
(currently one of the most popular fellowships). Fellowship 
years should be reserved and designed for the training of 
academic radiologists (uniess there is an important need for 
specialized skills in private practice). The primary purpose of 
this additional training should be the acquisition of academic 
skills while in pursuit of further clinical expertise. To this end, 
we must stop treating fellows as cheap staff and regard them 
as an investment in the future. 

Our future as a specialty, both in the private world and in 
academia, depends on our ability to achieve both of these 
important and in no way mutually exclusive goals. 
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Significant Difference and Discrimination 


Despite several excellent papers in the radiologic literature on the 
applications of statistics for evaluation of diagnostic efficiency, it is 
unfortunate that so many misuses of statistical concepts or methods 
occur in otherwise interesting studies. A particular kind of confusion, 
namely between tests of significance of a difference and tests of 
discrimination, seems to be rather common. Two recent examples 
{1, 2] occurred in the same month. Under tests of discrimination, | 
put a wide class of methods, extending from the mere evaluation of 
a specificity or sensitivity to the computations of discriminant analysis. 

A test of significance of a difference, such as the Student's t test, 
intends to answer the following question: Are two populations actually 
different with regard to some feature? For instance, random samples 
of French men and of American men have significantly different 
heights (i.e., the statistical distribution of heights is different in these 
two samples, and this difference cannot be attributed to chance but 
reflects a true difference between these two populations). Yet, no- 
body thinks that the best way to know whether a man is French or 
American would be to measure his height. 

On the other hand, a test of discrimination must answer another 
question: Given that two populations are known to be different, is 
there an appropriate criterion that can be used to determine the 
population a given individual belongs to? More precisely, given two 
populations, the purpose of a test of discrimination is to find if some 
parameter exists (possibly binary, discrete, or pluridimensional), the 
knowledge of which would allow one to decide if any particular 
element belongs to one population or to the other one, with a 
frequency of error as low as possible. If such a parameter is found, 
it actually can be used to determine to which population a given 
individual belongs. 

The distinction between these two kinds of tests can be under- 
stood quite well if the distribution curve for each sample is considered. 
In a test of significance of a difference, the result is positive if the 
difference is just sufficient to ensure that the difference does not 
occur by chance, but the overlap can be large. In a test of discrimi- 
nation, the difference must be great enough to make the overlap 
minimal. 

When a diagnostic process is evaluated, several situations may 
occur. If the aim is to compare two or more procedures, then a test 
of the significance of a difference is a valuable tool to determine if 
one procedure is more efficient than some other one. However, if the 
aim is to appreciate, in a given procedure, the merit of some sign 
(assumed to be expressed by a measured parameter) for distinguish- 
ing some disease from another (or from normality), then the condition 
is quite different. Indeed, the two populations are the sets of param- 


eters observed, respectively, when the disease is present and when 
it is not. Here, a test of the significance of a difference teaches us 
nothing. We do not care to know whether the populations are different 
with regard to the parameter, but whether the difference of the 
Statistical distributions is large enough to ensure that the decision 
based on this parameter allows an efficient diagnosis; this needs a 
test of discrimination. 

Another criticism, applicable even more frequently, concerns the 
lack of statistical elaboration of the results when a test of discrimi- 
nation is used, especially in measures of sensitivity and specificity. 
Mathematically, sensitivity and specificity are probabilities over a 
whole population, not observed frequencies over a sample of this 
population. The frequencies allow an estimation only of the true 
probabilities from a limited sample. This estimation is approximate 
and should nct be published without the associated limits of confi- 
dence, whose computation is classic for a given threshold (for in- 
stance, 0.05). 

it is a pity that so many authors think they have proved the value 
of a diagnostic sign through the positivity of a test of the significance 
of a difference or that they call sensitivity or specificity what is merely 
a frequency over an often small sample. 

Alfred Meyer 
Centre Hospitalier 
68120 Pfastatt, France 
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Amyloid Goiter: Radiologic Findings 


Case 1. A €4-year-old woman was referred because of hypothy- 
roidism and goiter. She had had rheumatoid arthritis for more than 
20 years, malabsorption syndrome for 3 years, and chronic renal 
failure. lodine-123 scintigraphy showed diffuse goiter with uneven 
uptake of the radionuclide. Sonography showed multiple hyperechoic 
solid lesions and cysts in the enlarged thyroid gland (Fig. 1A). CT 
showed low-density nodules in the goiter with reduced attenuation. 
MR showed multiple high-intensity nodules on both T1- and T2- 
weighted images, suggesting the hemorrhagic nature of the lesion. A 
solid lesion with slightly increased intensity also was noted in the 
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Fig. 1.—A, High-resolution real-time sonogram (7.5 MHz) shows diffuse 
goiter with heterogeneous echogenicity and ill-defined hyperechoic lesions 
(arrows) in both lobes of thyroid gland (T). 

B, Axial T1-weighted MR image at slightly rostral level of A shows 
slightly hyperintense lesion in right lobe and marked hyperintensity in left 
lobe (arrowheads). Diffuse depositions of eosinophilic material (amyloid) 
in interstitial tissue were found in a needle-biopsy specimen of thyroid 
gland. 
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Fig. 2.—A, Sonogram shows an ill-defined hypoechoic mass with mul- 
tiple spotty echoes, suggesting fine calcification in right lobe (arrows) of 
thyroid gland (T). Dense calcification also was seen in the caudal part of 
nodule (not shown). An ill-defined cystic lesion was seen in left lobe. A = 
artery. 

B, CT scan shows an ill-defined mass with fine calcifications in right 
lobe (arrowheads) and a well-defined cystic lesion in left lobe. 


right lobe on T1-weighted images (Fig. 1B). The surrounding tissue 
did not show high intensity, suggesting fatty infiltration. Needle biopsy 
revealed deposition of a large amount of homogeneous eosinophilic 
material in the interstitial tissue of the thyroid gland. The green 
birefringence of Congo red-stained amyloid was confirmed by polar- 
izing microscopy. 

Case 2. A 50-year-old woman with rheumatoid arthritis had a 
goiter. Clinical and laboratory tests showed that she was euthyroid. 
Lateral radiographs of the neck showed amorphous and fine calcifi- 
cation in the lower cervical region. Sonography showed an ill-defined 
hyperechoic lesion with calcification in the right lobe and a cystic 
lesion in the left lobe (Fig. 2A). CT also showed a mass with fine and 
coarse calcification and a cystic lesion (Fig. 2B). Perivascular depo- 
sitions of amyloid were confirmed by the results of a needle biopsy 
of the thyroid gland. 

The thyroid gland is rarely involved in amyloidosis [1]. The gland 
may be firm and enlarged, which resembles thyroid cancer and 
sometimes results in surgical intervention [2]. Amyloid infiltration of 
the gland causes enlargement and an increase in consistency in most 
cases but sometimes is associated with striking infiltration by fatty 
tissue [1, 2]. The prevalence of thyroid amyloidosis in patients who 
have rheumatoid arthritis was 12-13% in an autopsy series. 

Few descriptions of the radiologic findings in amyloid goiter have 
been reported. Miyake et al. [3] described two cases with infiltration 
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of fatty tissue that had diffuse low density on CT and hyperechogen- 

icity on sonography. However, amyloid goiter is not always associ- 

ated with fatty infiltration [2, 4]. In our cases, sonography, CT, and 

MR showed multiple nodules simulating adenomatous goiter, which 

were different from the appearances reported previously [3]. More- 

over, in case 2, radiography, sonography, and CT showed fine and 

coarse calcification, suggesting the possibility of papillary carcinoma, 

though pathologic examination of biopsy specimens showed depo- 

sition of amyloid with no evidence of malignancy. Amyloid goiter 

should be included in the differential diagnosis in those who have 

goiter and proved systemic amyloidosis or underlying disease asso- 
ciated with amyloidosis. 

Hiroto Hatabu 

Yasuhiro lida 

Kanji Kasagi 

Kazutaka Yamamoto 

Akinari Hidaka 

Hiroyuki Tatsumi 

Kayoko Higuchi 

Junji Konishi 

Kyoto University Hospital 

Kyoto 606, Japan 
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CT of Blunt Chest Trauma 


1 would like to comment on the pictorial essay on CT of blunt chest 
trauma by Kerns and Gay [1]. The authors list pneumothorax as the 
second most common thoracic injury after rib fractures, yet it is 
known that lung contusion is the most common injury, seen in up to 
75% of trauma victims; the next is rib fractures, seen in 50% [2]. 
Scapular fractures are overlooked or obscured on the chest radio- 
graph in as many as 43%, not 35%—at least according to the paper 
[3] quoted by the authors. 

Without doubt, CT is a superior tool for imaging the effects of 
trauma to the thorax. Yet it is imperative to interpret the initial chest 
radiograph as carefully as possible. The legend to Figure 3A in the 
paper by Kerns and Gay asserts that except for lower thoracic 
paravertebral soft-tissue swelling, the chest radiograph appears un- 
remarkable. To my eyes, a homogeneous increase in opacity is seen 
in the right hemithorax, consistent with a pleural veil produced by a 
sizeable pleural effusion in a supine patient. The legend to Figure 
16A in the same paper describes a widened superior medastinum 
and an elevated minor fissure. The right paramediastinal opacity has 
an ill-defined lateral border, and an air bronchogram can be suspected 
within the atelectatic and contused apical segment of the right upper 
lobe; in view of the marked elevation of the minor fissure, segmental 
atelectasis is the prime consideration even without CT. It is known 
that atelectasis of the right upper lobe can mimic a right-sided 
paratracheal mass. 

The initial high prevalence of occult pneumothorax seen on CT 
only has decreased, reflecting “an increased awareness of subtle 
findings on the portable chest radiograph” [4]. 

Paul Stark 
Loma Linda University Medical Center 
Loma Linda, CA 92354 
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Reply 


We thank Dr. Stark for his interest in our recent article [1] on the 
use of CT in the evaluation of blunt chest trauma. We think the 
statistics we quoted on the types of injuries incurred during blunt 
chest trauma are accurate. A comparative study has shown that rib 
fractures are the most common injury (56%); next in order are 
pneumothorax (40%) and pulmonary contusion (35%) [2]. In the 
reference [3] quoted by Dr. Stark, the estimated range of victims of 
blunt chest trauma who have pulmonary contusion is 30-75%. This 
is not compared with other types of injuries received. 

In their evaluation of scapular fractures missed on plain film ex- 
amination, Harris and Harris [4] gave 43% as the percentage not 
recognized on the initial chest radiograph. If the number of patients 
in whom the fracture was not included on the radiograph are ex- 
cluded, the percentage drops to 35%. We consider this a more useful 
statistic because if an abnormality is not included on the radiograph, 
no one can diagnose the abnormality. 

We realize the captions for Figures 3 and 16 in our article [1] may 
be misleading to some readers. We agree that correct interpretation 
of the initial chest radiograph is important. Our essay was intended 
to show how CT can be a useful adjunct to the radiograph in showing 
lesions not evident on the plain film or in clarifying lesions suspected 
on the basis of the history or plain film findings. Although the radio- 
graph is the appropriate initial study, CT remains superior in showing 
such lesions as fractures obscured by overlying soft tissue on the 
plain film and in ruling out coexistent mediastinal hematoma when 
the superior mediastinal contours are altered by upper lobe atelec- 
tasis and occult pneumothoraces not detectable even on the best 
supine radiograph. Even an increased awareness of these types of 
injuries will not make the diagnostic accuracy of radiographs and CT 
scans equal. We remain confident in the value of CT in the evaluation 
of blunt chest trauma. 

Scott R. Kerns 

Spencer B. Gay 

University of Virginia, Health Sciences Center 
Charlottesville, VA 22908 
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Pumps in Double-Contrast Enemas 


In 1982, Miller and Maglinte [1] described the “7 pump” method of 
performing double-contrast enemas. This consisted of squeezing a 
sphygmomanometer bulb seven times during each of nine various 
positionings of the patient. The emphasis by these authors of giving 
“63-70 pumps” apparently was based on the procedure being per- 
formed by technologists, without the benefit of fluoroscopy. 
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In the February 1990 issue of AJA, Gelfand and Ott [2] describe a 
simplified metrod for filling the colon during doubie-contrast enemas. 
Unlike Miller and Maglinte, these authors used fluoroscopy. However, 
for reasons that are not clear to me, they reemphasized numerical 
pumping: “The total of 60 pumps of air will distend the average colon 
when this method is used. The number of pumps is reduced to 50 
pumps (25 plus 25) for smaller patients. However, patients who have 
a large colon should receive 60 pumps first. Additional air can then 
be insufflated ...” 

Radiologists, like most physicians, are somewhat compulsive. 
However, | dcubt that many of us will bother to count pumps when 
performing berium examinations. | recommend common sense and 
the judicious use of fluoroscopy during the performance of barium 
enemas. 

Ferris M. Hall 

Beth israel Hospital 
Harvard Medical Schoo! 
Boston, MA 02215 
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Reply 


We have ro argument with using fluoroscopy to monitor filling 
during a doubie-contrast enema rather than counting pumps of air, if 
that is one’s oreference. However, the use of the fixed volumes of 
air as described in our articie [1] requires less fluoroscopy than if the 
degree of cobbnic distension is determined by fluoroscopy only. it 
also simplifies the teaching of the examination to residents and 
technologists. 

David W. Gelfand 

David J. Ott 

Bowman Gray Schoo! of Medicine 
Winston-Salem, NC 27103 
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Bacille-Caimette-Guérin Vaccine-Induced 
Granulomatous Prostatitis: Another Hypoechoic 
Nonneoplastic Lesion 


A variety of hypoechoic normal structures or lesions have been 
described in specimens of the normal prostate gland or are encoun- 
tered at in vivo examinations [1]. A bacille Calmette-Guérin (BCG) 
granuloma, as a hypoechoic lesion simulating a prostatic neoplasm. 
has not been ~eported before. 

We recently found BCG granulomas in the prostate glands of two 
patients with bladder cancer who had intravesical treatment with 
BCG vaccine. in both cases, rectal sonography showed a hypoechoic 
nodule in the peripheral zone of the prostate gland, suggestive of 
malignancy (Figs. 1 and 2). Biopsy specimens of both lesions were 
obtained under sonographic guidance, and histologic exarnination 
showed giantcell granulomas admixed with areas of acute and 
chronic inflammation and acid-fast bacilli. 

Granuloma:ous prostatitis is a rare but important type of inflam- 
matory disease of the prostate. It is an unusual response of prostatic 
tissue to acute inflammation. Several infectious agents have been 
identified as the inciting organism; the most common is Mycobacte- 
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Fig. 1.—-Axiai sonogram 
shows hypoechoic nodule in 
peripheral zone of left lobe of 
prostate gland (cursors). Sub- 
sequent pathologic examina- 
tion showed granulomatous 
prostatitis. 





Fig. 2.—Axial sonogram 
shows hypoechoic nodule 
(arrow) in peripheral zone of 
right lobe of prostate gland. 





rium tuberculosis. Usually, granulomatous prostatitis is a sequela of 
tuberculosis of some other region of the genitourinary tract. Less 
common is miliary spread to the prostate from distant pulmonary 
tuberculosis or from BCG injections. 

BCG is a viable strain of Mycobacterium bovis that has been used 
as an adjuvant or cell-mediated immunostimulant in cancer therapy 
[2]. It may produce a localized infection in subjects who receive it. 
During the stage of resolution, localized fibrosis occurs, resulting in 
palpable prostatic nodules. Clinically and sonographically, it can be 
confused with a malignant neoplasm, and biopsy should be performed 
to ensure precise diagnosis. 

Gladys M. Torres 

Juri V. Kaude 

David Drylie 

University of Florida College of Medicine 
Gainesville, FL 32610-0374 
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Doppler Evaluation of Pyelocaliectasis 


In their recent report [1] on evaluating pyelocaliectasis with Doppler 
sonography, Platt et al. concluded that the renal vascular resistive 
index (Ri) accurately differentiates obstructive from nonobstructive 
dilatation. After reviewing the study, we were unable to evaluate the 
general applicability of their results because important data were not 
presented: (1) reproducibility of the RI, (2) the possibility of observer 
bias, and (3) correlation of RI and severity of obstruction. 

In this study [1], the difference in RI between the two normal 
kidneys of up to 0.10 constitutes 14% to 20% of the normal range 
reported (0.50-0.67), indicating considerable variability in RI mea- 
surements. Because sonography in general and Ri measurements in 
particular are operator dependent, interobserver and intraobserver 
variation might be considerable. Temporal variations might be signif- 
icant as well. To our knowledge, no study has addressed RI repro- 
ducibility in normal or abnormal kidneys. This information would be 
particularly important to anyone attempting to replicate the authors’ 
results. 
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The clinical setting, including history, creatinine values, and pre- 
vious sonographic or additional imaging studies, might suggest renal 
obstruction and thus bias the measurements. The degree of pyelo- 
caliectasis also might influence the results. For example, minimal 
distension of the collecting system as an incidental finding in a 
nonazotemic patient is unlikely to be of clinical significance [2]. On 
the other hand, marked bilateral hydronephrosis in an azotemic 
patient with pelvic malignancy and a normal study 6 months earlier 
almost certainly is due to obstruction. How much information was 
available to the sonographer before the RI measurements were 
made? 

Platt et al. observed two patients with acute obstruction whose RI 
was still in the “normal range” but more than 0.10 greater than the 
RI of the contralateral kidney. Partial or intermittent obstruction 
likewise might result in minimal changes in the RI. If so, the Rl would 
be valuable in severe obstruction only. It would be helpful to know 
how many of the patients in the study of Platt et al. had complete or 
nearly complete obstruction. 

The establishment of a valid, noninvasive parameter for the detec- 
tion of obstructive pyelocaliectasis would be a great benefit to patient 
care. Perhaps Platt et al. can supply additional data to help readers 
determine the validity of their conclusion. 

Harris Chrysikopoulos 

Lee B. Tainer 

University of California, San Diego, Medical Center 
San Diego, CA 92103-1990 
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Reply 


We appreciate the comments from Drs. Chrysikopoulos and Tainer 
on our paper [1]. The issue of reproducibility of the resistive index 
(RI) certainly is important, yet not often addressed. However, the 
range of normal RI values we reported (0.50-0.67) indicates variability 
from patient to patient, not variability in RI measurements in a 
particular kidney or patient. The variability in RI measurements for a 
given kidney can be minimized by obtaining multiple signals for the 
kidney and calculating a mean Ri value. Further, it is necessary to 
obtain multiple reproducible signals from a given area before making 
a measurement, as any individual signal can be influenced strongly 
by factors not relating to resistance, such as patient or respiratory 
motion. We have found that a difference in RI of 0.10 between 
kidneys in a given patient is significant. We have not observed this 
difference in normal subjects or in patients with bilateral renal medical 
disease. Current work in our ultrasound laboratory indicates that the 
kidney-to-kidney RI difference is generally less than 0.05 in patients 
with renal medical disease. Perhaps most important, we have not 
observed that waveform-to-waveform variability causes an elevated 
RI in a normal kidney or a normal signal in a kidney with an elevated 
Ri. 

Possible observer bias is difficult to eliminate. However, in most of 
the cases with pyelocaliectasis, the presence or absence of obstruc- 
tion was not known clinically until the subsequent interventional 
procedures were done or measurements of pressure were obtained. 
in the majority of cases, the prospective sonographic examination 
was not biased by foreknowledge of the results. We agree that in 
some instances the diagnosis of obstruction will be virtually certain 
after the results of the standard gray-scale examination are correlated 
with the clinical history, and in these cases, the results of the Doppler 
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examination will be more confirmatory than diagnostic. However, it is 
in the cases in which the diagnosis is not certain or the clinical history 
is unknown that we think that Doppler sonography will show its 
greatest value. 

Regarding the effect of degree of pyelocaliectasis, we have ob- 
served many extremely dilated but not obstructed collecting systems 
in which the Doppler examination is normal. In addition, we have 
observed kidneys with only mild dilatation that had abnormal RIs and 
subsequently proved to be obstructed. 

We should make a couple of comments about technique. It is clear 
that the Doppler examination is technically dependent and that the 
examiner gets better the more cases done. Further, for greatest 
accuracy and precision, RI measurements should be made by using 
a scale with the smallest frequency range possible that does not 
produce aliasing. In other words, the spectrum should fill as much of 
the scale as possible. Measurements made from spectra that barely 
deviate from the baseline will be highly variable and can produce 
large errors. 

The concern of Chrysikopoulos and Talner that acute obstruction 
may cause only minimal changes in RI leads us to reemphasize points 
made in our work. We did not imply that acute obstruction invariably 
causes minimal changes in RI; in fact our own data and observations 
suggest acute obstruction can elevate the RI above 0.70 in a matter 
of a few hours. However, in some cases in our experience, the RI 
value in an acutely obstructed kidney had not exceeded 0.70, yet the 
value clearly was elevated in comparison with the contralateral kidney 
(interrenal RI difference of >0.10). We hypothesize that obstructed 
kidneys with RI values less than 0.70 eventually would exceed this 
threshold, but we think the diagnosis of acute unilateral obstruction 
can be made earlier in these instances by comparing renal RI values. 

Terms such as intermittent, complete, nearly complete, and severe 
often are associated with obstruction and reflect the clinical and 
radiologic difficulty in dealing with this issue. We considered kidneys 
obstructed if they satisfied criteria based on the accepted urologic 
gold standards and nonobstructed if they did not, as discussed in 
Our paper, and we found that the RI was a good predictor of this 
dichotomous choice. In our laboratory, the RI has been of value in 
more than just severe obstruction in which the diagnosis is obvious. 
More importantly, RI measurements have been valuable in many 
cases of pyelocaliectasis in which the diagnosis of obstruction was 
uncertain. 

We agree that the establishment of a valid, noninvasive parameter 
to detect obstruction would be beneficial, and we think Doppler 
sonography is that parameter. We are encouraged that a recently 
published study [2] of a small group of obstructed and normal native 
kidneys reported data similar to ours. Ultimately, the validity of our 
conclusions will depend on the day-to-day use of Doppler sonography 
in the evaluation of pyelocaliectasis. We hope our paper can provide 
a framework for this clinical use. 

Joel F. Platt 

Jonathan M. Rubin 

James H. Ellis 

University of Michigan Hospitals 
Ann Arbor, MI 48109-0030 
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Sonographic Diagnosis of an Abdominal Ectopic 
Pregnancy 


Ectopic pregnancies account for 1 in 100 to 1 in 400 pregnancies. 
By far the most common site is the fallopian tube, particularly the 
ampulla. Rarely, ectopic pregnancies may be found in other sites, 
namely the cervix, ovary, uterine cornua, and peritoneal cavity. In a 
survey of 654 ectopic pregnancies, Breen [1] found that 98% oc- 
curred in the fallopian tube, 1.3% in the abdomen, 0.75% within the 
cornua of the uterus, and 0.15% in the ovary. Most abdominal ectopic 
pregnancies result from a pregnancy that originally occurs within the 
fallopian tube. The embryo is aborted out of the tubal end (or the 
tube ruptures), and finally the placenta develops its entire attachment 
outside the fallopian tube. We describe a patient in whom an abdom- 
inal ectopic pregnancy was diagnosed on the basis of sonographic 
findings. 

A 25-year-old woman had had abdominal pain in the left lower 
quadrant for 1 week. Physical examination showed rebound tender- 
ness in the left bower quadrant. Sonography showed a normal bladder 
and uterus with no decidual change in the uterine cavity (Fig. 1). 
Sonograms obtained 6 cm to the left of the midline in the left lower 
quadrant showed a well-defined gestational sac surrounded by intact 
choriodecidua. The fetal pole was seen clearly in the sac, and cardiac 
activity was observed. The diagnosis of abdominal ectopic pregnancy 
was suggested. Surgery revealed a gestational sac on the left hypo- 
chondrium with placental tissue attached to the posterior abdominal 
wall. 

A wide spectrum of sonographic findings can be observed in 
patients with ectopic pregnancies. Visualization of living ectopic fetal 
parts (e.g., head, body) or ectopic gestational sac is quite unusual, 
occurring in 5% of cases [2]. Sonographic features that suggest an 
intraabdominal ectopic pregnancy include (1) visualization of the fetus 
as a part separate from the uterus, (2) failure to visualize the uterine 
wall between the fetus and the urinary bladder, (3) close approxima- 
tion of fetal parts to the maternal abdominal wall, and (4) eccentric 
position (relation of fetus to uterus) or abnormal attitude (relation of 
fetal parts to ane another) of the fetus and visualization of extrauterine 
placental tissue [3]. All of these features were observed in our case. 

Okan Akhan 

Saruhan Cekirge 

Sassan Senaati 

Aytekin Besim 

Hacettepe University School of Medicine 
06100 Ankara, Turkey 
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Fig. 1.—Abdaminal ectopic pregnancy. 

A, Longitudinal sonogram of uterus shows normal endometrial cavity 
without any decidual reaction. 

B, Longitudinal sonogram 6 cm left of midline on lower abdomen shows 
well-defined gestational sac surrounded by intact choriodecidua (T) and 
fetal pole (H). Cardiac activity was seen on real-time sonography. 
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Alkalinized Lidocaine in Special Procedures 


Radiologic procedures often require extensive use of local anes- 
thesia. Although subcutaneous injections of 1% lidocaine are rela- 
tively painless, especially if a 27- or 30-gauge needle is used, intra- 
dermal infiltration of the anesthetic may be extremely uncomfortable 
for some patients. A recent report [1] in the dermatologic literature 
prompted us to undertake a limited but controlled study to test the 
hypothesis that neutralization or mild alkalinization of the slightly 
acidic 1% lidocaine (pH 5-7} would reduce this discomfort noticeably. 
Twenty-four healthy volunteers were chosen. Each received 0.3-ml 
intradermal injections of (1) 1% lidocaine and (2) 1% lidocaine mixed 
with 8.4% sodium bicarbonate for injection (USP) (volumetrically 15:1; 
pH approximately 7.4) in the ventral aspect of the forearm. Injections 
were in random order. Subjects were unaware of the identity of any 
particular injection. Four subjects also received a third intradermal 
injection of 0.3 ml normal saline. All subjects were asked to grade 
discomfort on a scale of 0 to 5. The results were 16 (67%) experi- 
enced less discomfort with the alkalinized lidocaine, seven (29%) 
noticed no difference, and one (4%) experienced less discomfort with 
unmodified lidocaine. 

Although these data could be criticized in terms of uncontrolled 
variables and small sample size, we have altered our clinical practice 
and now routinely use “modified” lidocaine in special procedures as 
a result of this study. It has been our clinical experience that our 
patients experience less discomfort now. Small changes in conven- 
tional practice occasionally may make a significant contribution to 
total patient welfare. 

P. F. Jaques 

M. A. Mauro 

M. Agee 

S. Morris 

J. Stubblebine 

University of North Carolina, School of Medicine 
Chapel Hill, NC 27514 
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Adjunct to CT and Sonographically Guided 
Percutaneous Biopsy Procedures 


| enjoyed the article by Charboneau et al. [1] on techniques of CT 
and sonographically guided percutaneous needle biopsy. In a small 
town, such as where | practice, pathologists frequently are not skilled 
or comfortable in assessing cytologic specimens obtained by using a 
22-gauge needle. | would like to comment on the advantages of using 
a Cameco Syringe Pistol (Precision Dynamics Corp., San Fernando, 
CA) during aspiration biopsy. This set up allows the safety of a 22- 
gauge needle and yields tissue specimens suitable for histologic 
studies in most cases. The system works particularly well when a 
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cutting 22-gauge needle (Turner needle, Cook, Inc., Bloomington, IN) 
is used coaxially through a 19-gauge cutting needle (Turner needle). 

The Cameco Syringe Pistol is a finely machined, aluminum, pistol- 
like device to which the barrel of a 20-ml syringe can be attached. It 
fits comfortably in the palm of the hand. It is unique because the 
plunger can be withdrawn to the very end of the syringe during the 
aspiration biopsy procedure. A strong negative pressure is created, 
much greater than that possible when simple human strength is used, 
so frequently whole fragments of tissue can be sucked up into the 
syringe barrel during biopsy. These are fixed immediately in formalin 
and inspected. If the aspirated tissue fragments appear meager or 
scant (and if bleeding was not excessive), a pullout biopsy is done 
through the cutting 19-gauge coaxial guide needle. When the Cameco 
Syringe Pistol is used, the pullout biopsy always yields diagnostic 
tissue for histologic studies. 

This simple adjunct to technique will greatly improve the amount 
of recoverable tissue during aspiration biopsy with a 22-gauge cutting 
needle. 

Melvyn R. Conrad 
Nan Travis Memorial Hospital 
Jacksonville, TX 75766 
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Black-and-White Color Doppler Sonography 


The use of color Doppler sonography has spread rapidly in recent 
years. The recording of color images is expensive, and color proc- 
essing is not readily available in most diagnostic imaging suites. The 
purchase of dedicated color printers is also expensive. This letter 
describes a method of using the velocity map tag as a “slow-flow 
tag” to highlight the color flow information so that it is readily observ- 
able on standard black-and-white film. The use of the slow-flow tag 
is simple and permits the image to be recorded by using the multifor- 
mat camera and processing that is available in most diagnostic 
imaging departments. 

in typical laminar blood flow, the flow at the edges of the vessels 
is always slower than the flow toward the central part of the flow 
column. Many color Doppler instruments have a function called a 
velocity tag that allows the operator to tag or highlight certain Doppler 
frequency shifts by changing the color to make that frequency more 
visible. This tag most often is designed for use in highlighting turbulent 
or high-velocity flow states. This same velocity tag can be used to 
tag the slowest flow states, which will outline the flow column. This 
will increase the image contrast, making the edges of the flow stand 
out in black-and-white images (Figs. 1A and 1B). 

The ability to record color Doppler images on standard black-and- 
white film has been demonstrated, and the slow-flow-tag technique 
appears to be useful in demarcating color flow in a normal vessel 
with laminar flow. It is also helpful in outlining hypoechoic soft plaque 
along the edges of vessels so long as boundary layer separations 
and flow reversals, as are common in the carotid artery bulb, are not 
confused with soft plaque. Because the velocity tag is used to identify 
specific spectral shifts of flow either toward or away from the trans- 
ducer, it also helps determine the direction of flow even though the 
colors may not be well differentiated in the black-and-white image. It 
may be less useful in cases in which extreme turbulence alters the 
laminar flow. However, flow is almost always slowest at the edges 
of any vessel, regardless of the turbulence. 

The use of black-and-white images to display color Doppler findings 
is both more economical and more commonly available in diagnostic 
laboratories than are color processes. Archival procedures also are 
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Fig. 1.—A and B, Black-and-white color Doppler images without (A) and 
with (B) slow-flow tag. Vertical arrows show position of slow-flow tag for 
both images. In B, tag can be seen both along vessel borders and in 
spectral color bar at extreme left of image (horizontal arrows). Velocity tag 
is set to slowest negative flow possible, about 0.02 m/sec away from 
transducer, in this case. 


well established for black-and-white images. This technique also may 
be helpful in reducing the cost of publishing color Doppler research 
by avoiding the costs of reproducing full-color illustrations. It also can 
be used as a backup technique when the color-imaging device 
malfunctions. 

Perhaps in the future manufacturers will include multiple velocity 
tags or some sort of edge enhancement for highlighting flow in both 
directions. An even better approach would be to provide isobar-type 
velocity maps that use high contrast lines with user-selectable inter- 
vals for standard black-and-white imaging. 

Terry J. DuBose 

Linda M. Porter 

Austin Radiological Association 
Austin, TX 78705 

Austin Community College 
Austin, TX 78714 

Larry W. Hill 

Austin Radiological Association 
Austin, TX 78705 

Carol Greenwood 

Austin Community College 
Austin, TX 78714 


Medial Meniscal Flounce: Demonstration on MR 
Imaging of the Knee 


A medial meniscal “flounce” is a fold along the free edge of the 
medial meniscus that occurs in the absence of a tear; the flounce can 
be observed during arthroscopic examination of the knee [1]. The 
anterior and posterior horns of the medial meniscus are anchored 
firmly to the tibia, whereas the periphery is attached to the joint 
capsule, and the inner edge is free of attachment. During tibial 
rotation, the meniscus will be pulled in different directions by the tibial 
and the peripheral attachments, resulting in waviness or folding of 
the free edge. Meniscal flounces were radiologically unobservable 
before the advent of MR imaging. 

A 28-year-old woman sustained a twisting injury of the right knee 
during an accidental fall. She was referred for MR imaging 1 week 
after the injury. The clinical findings were instability, swelling, and 
pain localized along the joint line. MR imaging of the knee showed a 
large effusion, a complete tear of the anterior cruciate ligament, a 
tear of the posterior horn of the lateral meniscus, and a tear of the 
medial collateral ligament. Sagittal images through the body of the 
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Fig. 1.—Proton-density MR im- 
age in sagittal plane through inner 
edge of medial meniscus shows 
a gently undulating fold (arrow). 


>è 





medial meniscus were remarkable for an undulating, wavy appear- 
ance along the free edge (Fig. 1). No abnormal signal was present 
within the substance of the medial meniscus on T1-weighted, T2- 
weighted, or proton-density images. 

During arthroscopy, the joint capsule is distended by saline irriga- 
tion, and the knee is relaxed greatly by anesthesia. Rotation of the 
tibia (as well as other maneuvers) allows the arthroscopist to visualize 
various portions of the anatomy. It is under these conditions that a 
medial meniscal flounce may be seen at arthroscopy. A single 
symmetrical fold is normal, but multiple asymmetric folds may indicate 
a tear [1]. The conditions under which a medial meniscal flounce was 
seen by MR imaging in this case simulated those of arthroscopy. The 
knee capsule was distended by effusion, the knee joint was lax 
because of the ligamentous injuries, and the tibia was rotated for 
positioning within the magnet. Because of its spatial orientation, a 
meniscal flounce is seen best on cross-sectional imaging in the 
sagittal plane. A flounce would be much more difficult to identify on 
coronal, radial, or axial cross-sectional images and would not be 
visible at all at arthrography. 

Felix S. Chew 

Massachusetts General Hospital 
Harvard Medical School 

Boston, MA 02114 
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Congenital Aneurysm of the Superior Mesenteric 
Artery: CT Diagnosis 


Aneurysms of the superior mesenteric artery are rare [1, 2]; the 
overall prevalence is 1 in 12,000 aneurysms [3, 4]. They may be 
congenital [2] or associated with pancreatitis, trauma, neoplasms, 
mycoses, or atherosclerosis. 

A 40-year-old man had had left-sided abdominal pain for 2 months. 
On physical examination, a 5 x 6 cm pulsatile mass associated with 
a systolic bruit was palpated in the left hypochondrium. Sonography 
of the upper abdomen showed a cystic lesion in the region of the 
pancreas and transmitted pulsations. Dynamic CT after IV injection 
of contrast medium (100 ml of 65% Angiografin) showed a large 
aneurysm of the main branch of the superior mesenteric artery. The 
aneurysm was multilobulated, and the cavity was filled partially with 
thrombotic material (Fig. 1). Preoperative angiography confirmed the 
CT findings, and the patient had surgery with good results. 

Aneurysms of the abdominal aorta and its branches may be 
indicated clinically by the presence of a pulsatile mass and a systolic 
bruit. The results of radiologic studies are used to make the diagnosis 
and to determine the location of the aneurysm. In our case, CT scans 
showed the typical appearance of an aneurysm of the superior 
mesenteric artery located anterior to a normal aorta, continuity of the 
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Fig. 1.—A and B, Dynamic CT scans (A) show congenital aneurysm 
(arrows) of superior mesenteric artery beyond origin of artery (curved 
arrow), and angiogram (B) confirms aneurysm (arrow) is present. 


aneurysm with the origin of the artery, and contrast opacification of 

the true lumen surrounded by thrombotic material. The findings also 

excluded any other abnormalities of surrounding structures and or- 

gans. In the absence of endocarditis and history of trauma, or in the 

presence of a normal aorta, pancreas, and surrounding soft tissues, 

it can be assumed that such an aneurysm is congenital. Preoperative 

angiography is still mandatory to rule out concomitant lesions of the 
aorta and other visceral branches and for anatomic mapping. 

Fareed Mohamed Denath 

Baragwanath Hospital 

University of the Witwatersrand 

Johannesburg, South Africa 
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Pituitary Macroadenoma and Anterior 
Communicating Artery Aneurysm 


Pituitary adenoma in association with an intracranial aneurysm is 
distinctly rare [1]. The case presented here is a giant aneurysm of 
the anterior communicating artery juxtaposed to the apogee of the 
tumor capsule. MR imaging showed the relationship of the aneurysm 
to the tumor, and this dictated not only the need for an arteriogram 
but also the safe surgical approach. The anatomic configuration 
shown by MR imaging precluded a potentially disastrous transsphe- 
noidal approach. 

A 68-year-old woman had had a decrease in visual acuity in the 
left eye without evidence of junctional scotoma over 6 weeks. Two 
years earlier, a giant aneurysm of the anterior communicating artery 
had been found in the course of evaluation of headache in the absence 


AJR:155, July 1990 





A B 


Fig. 1.—A, T1-weighted MR image, 600/20, 1.5 T, shows probable 
aneurysm juxtaposed to pituitary macroadenoma. 

B, Anteroposterior cerebral arteriogram shows anterior communicating 
artery aneursym associated with an elevated anterior communicating ar- 
tery complex. 


of subarachnoid hemorrhage. Review of systems, including endo- 
crine, was normal. MR imaging (Fig. 1A) showed a pituitary macro- 
adenoma with the aneurysm in relationship to the dome of the tumor. 
Arteriography (Fig. 1B) showed atherosclerotic disease and a giant 
aneurysm of the anterior communicating artery fed solely by an 
elevated left A1 segment; the aneurysm had not changed since the 
study done 2 years earlier. The results of an endocrine evaluation 
were unremarkable. On the basis of the relationship between tumor 
and aneurysm, visual symptoms, and vascular supply of the aneu- 
rysm, a left pterional craniotomy was performed. After excision of the 
tumor, microsurgical dissection disclosed a markedly calcified aneu- 
rysm enveloping the left distal A1 segment and both proximal A2 
segments. As the aneurysm was unruptured, had no discernible 
neck, and was not suitable for reconstruction with fenestrated clips, 
the procedure was concluded at this point. 

The history of arteriographically documented anterior communicat- 
ing artery aneurysm notwithstanding, the results of MR imaging 
certainly would have prompted an arteriogram. As indicated, the 
presence and location of the aneurysm as seen on MR images clearly 
dictated the surgical approach. 

The frequency of intracranial tumor in association with intracranial 
aneurysm is approximately 0.5-0.8%, implying a random association 
[1, 2]. Coexistence of pituitary adenoma and intracranial aneurysm 
has been reported only 62 times since 1912 [1-4]. The appearance 
on MR images of this finding has not been published before and is 
dramatic. Our case emphasizes the need to evaluate patients carefully 
before pituitary surgery to avoid intraoperative catastrophe. It further 
emphasizes the role of MR imaging in diagnosis and management of 
pituitary neoplasm. 


Stephen L. Fedder 

University of Pennsylvania, School of Medicine 
Philadelphia, PA 19104 

The Lankenau Hospital 

Philadelphia, PA 19151 

Thomas P. Barnett 

Andrew Curtin 
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Chest 


Natural course of treated pulmonary embolism: evaluation by 
perfusion lung scintigraphy, gas exchange, and chest roentgen- 
ogram. Prediletto R, Paoletti P, Fornai E, et al. (RP, Clinica Medical 
li, Via Roma 67, Pisa, Italy 56100). Chest 97:554-561, 1990 


Perfusion lung scintigrams, pulmonary gas exchange data, and 
chest roentgenograms were obtained in 33 patients during acute 
embolism and over the following six months in order to assess their 
clinical usefulness in monitoring the effect of therapy. To this purpose, 
the measurement of pulmonary gas exchange and the presence of 
chest x-ray findings were compared with perfusion lung scintigraphic 
abnormalities both at diagnosis and after 7, 30, and 180 days during 
treatment. More than 50 percent of the pulmonary arterial tree was 
obstructed at diagnosis, and a large part of perfusion recovery was 
complete within the first month. All of the gas exchange parameters 
were abnormal at diagnosis, and the rate of their improvement was 
related to that of perfusion recovery. Interestingly, PaOzst (ie, PaO2 
corrected for hyperventilation) and Ve tended to return to normal 
during the first month as a consequence of the progressive recovery 
of perfusion, whereas oxygen and carbon dioxide gradients and 
physiologic dead space showed the persistence of some abnormali- 
ties six months after diagnosis. Significant correlations were observed 
between the number of ULSs evaluated on the perfusion lung scinti- 
gram (and considered an index of the severity of pulmonary emboli- 

zation) and all of the gas exchange parameters at diagnosis (corre- 
~ lation coefficients averaged from 0.41 to 0.73) and after 7 and 30 
days. The enlargement of the right descending pulmonary artery and 
particularly the “sausage” sign and the Westermark sign were signif- 
icantly associated with a higher degree of gas exchange impairment 
and with a more severe embolization. In conclusion, this study 
demonstrates that perfusion lung scintigraphy has a primary role in 
monitoring the recovery of patients with pulmonary embolism under 
treatment. Moreover, the chest roentgenogram may help in this 
purpose. A second major result is that the simple measurement of 
some gas exchange parameters may allow the assessment of func- 
tional recovery of these patients, thus giving additional information 
about the effect of therapy. 


Gastroenterology 


Clinical, biological, and endoscopic picture of attacks of Crohn’s 
disease: evolution on prednisolone. Modigliani R, Mary JY, Simon 


JF, et al. (RM, Hôpital Saint-Louis, Paris, France). Gastroenterology 
98:811-818, 1990 


One hundred forty-two patients with active colonic or ileacolonic 
Crohn's disease were included in a multicenter prospective study. 
Data collection included 28 clinical, biological, and endoscopic items; 
the latter were recorded according to a standardized colonoscopic 
protocol; a previously validated endoscopic index of severity was 
calculated. Oral prednisolone (1 mg/kg body wt per day) was started 
and maintained until clinical remission and for at least 3 and at most 
7 wk. A second clinical biological and endoscopic evaluation was 
then performed. At initial colonoscopy, mucosal lesions were, by 
decreasing order of frequency, superficial ulcerations, deep ulcera- 
tions, mucosal edema, erythema, pseudopolyps, aphthoid ulcers, 
ulcerated stenosis, and nonulcerated stenosis (93%, 74%, 48%, 
44%, 41%, 35%, 10%, 8%, and 2% of cases, respectively). No 
correlation was found between the clinical activity index and any of 
the endoscopical data (lesion frequency and surface, endoscopic 
severity index). Ninety-two percent of patients underwent clinical 
remission within 7 wk of treatment. None of the 28 clinical biological 
and endoscopical items collected just before treatment could predict 
clinical response to steroids. Only 38 of the 131 patients in clinical 
remission were also in endoscopic remission. In conclusion, (a) the 
description and severity of colonoscopic lesions in active Crohn's 
disease have been quantified; (b) no correlation exists between clinical 
severity and nature, surface, or severity of endoscopic lesions; (c) 
Oral prednisolone (1 mg/kg body wt per day) induces a clinical 
remission in 92% of patients within 7 wk; (d) resistance to steroids 
cannot be predicted from the data collected before treatment onset; 
and (e) only 29% of patients in clinical remission also achieve endo- 
scopic remission. 


Reprinted with permission by the American Gastroenterological Association. 


Flexible sigmoidoscopy plus air contrast barium enema versus 
colonoscopy for suspected lower gastrointestinal bleeding. Rex 
DK, Weddle RA, Lehman GA, et al. (DKR, Division of Gastroenterol- 
ogy, Dept. of Medicine, Indiana University Medical Center, Indianap- 
olis, IN). Gastroenterology 98:855-861, 1990 


A randomized, controlled trial was performed to compare the 
diagnostic yields and cost-effectiveness of two strategies for the 
evaluation of nonemergent lower gastrointestinal bleeding. Three 
hundred eighty patients aged =40 yr were randomized to undergo 
initial flexible sigmoidoscopy plus air contrast barium enema or colon- 
oscopy; 332 completed the initial studies. Initial colonoscopy detected 
more cases of polyps <9 mm in size, adenomas, and arteriovenous 
malformations but fewer cases of diverticulosis. No significant differ- 
ence was found between strategies in the number of patients de- 
tected with cancers or polyps =9 mm in size. In both strategies, 
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cancers were more common in subjects aged =55 yr (8% overall) 
than in those aged <55 yr (1%). Among patients aged <55 yr with 
suspected lower gastrointestinal bleeding, initial flexible sigmoidos- 
copy plus air contrast barium enema is a more cost-effective strategy 
for the detection of colonic neoplasms than initial colonoscopy. How- 
ever, initial colonoscopy is more cost effective for those aged =55 
yr. 


Reprinted with permission by the American Gastroenterological Association. 


Follow-up 6 to 11 years after duodenoscopic sphincterotomy for 
stones in patients with prior cholecystectomy. Hawes RH, Cotton 
PB, Vallon AG (RHH, Dept. of Gastroenterology, the Middlesex 
Hospital and Medical School, London, England). Gastroenterology 
98:1008-1012, 1990 


One hundred sixty-three postcholecystectomy patients with re- 
tained or recurrent duct stones underwent successful duodenoscopic 
sphincterotomy and duct clearance between 1975 and 1980. Follow- 
up information was obtained on 148 patients in 1982, and on 115 of 
these in 1986 (at a mean of 8 yr). Fifteen patients (13%) were found 
to have had further biliary problems, but only 5 were known to have 
had sphincter stenosis and/or stones, and only 3 had not responded 
to endoscopic or conservative treatment. One had undergone cho- 
ledochoduodenostomy for recurrent cholangitis (but continued to 
have problems), and 1 had died with jaundice, the precise cause of 
which was unknown. The third continued to have episodes of cholan- 
gitis requiring antibiotics despite the apparent lack of biliary obstruc- 
tion. Bile showed significant bacterial contamination in 60% of 44 
patients undergoing check endoscopy, but there was no correlation 
with symptoms. These long-term results are comparable with those 
of surgical procedures and justify the continuing use of endoscopic 
treatment for patients with duct stones. 


Reprinted with permission by the American Gastroenterological Association. 


Digestive Diseases and Sciences 


Dysplasia and cancer complicating strictures in ulcerative colitis. 
Lashner BA, Turner BC, Bostwick DG, Frank PH, Hanauer SB (BAL, 
University of Chicago Medical Center, Box 400, 5841 S. Maryland 
Ave., Chicago, IL 60637). Dig Dis Sci 35(3):349-352, March 1990 


Previous studies have found a widely variable prevalence of dys- 
plasia and cancer in colonic strictures in patients with ulcerative 
colitis. Consequently, therapeutic recommendations are conflicting. 
To better assess the prevalence, we reviewed the clinical and path- 
ological findings in all 27 patients with ulcerative colitis complicated 
by stricture who were entered into our Inflammatory Bowel Disease 
Registry. A true stricture was defined as a persistant localized nar- 
rowing of the colon found on air-contrast barium enema or on 
colonoscopy. Upon careful review, 12 of 27 patients were found to 
have transient colonic spasm, not a stricture, and were excluded. 
The remaining 15 patients with true strictures represented 3.2% of 
all ulcerative colitis patients in the registry. Strictures were identified 
at 13.3 + 9.9 years following the diagnosis of ulcerative colitis. Eleven 
patients had multiple strictures that were principally located in the left 
colon. Of the 15 patients, 11 had dysplasia and two had cancer found 
on colonoscopic biopsy. Ultimately, six patients had carcinoma found 
at colonoscopy or colectomy (three modified Dukes’ stage A, one 
stage B, and two stage D). All cancers were at the site of a stricture. 
These findings indicate that a true colonic stricture in ulcerative colitis 
is frequently associated with dysplasia and cancer, which can be 
diagnosed with colonoscopic biopsy. A stricture should be considered 
a strong risk factor for cancer, requiring intensive colonscopic sur- 
veillance. If dysplasia is discovered, or if the stricture cannot be 
adequately biopsied, consideration should be given to total colec- 
tomy. 
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Scandinavian Journal of Gastroenterology 


Polyps in the gallbladder: a prevalence study. Jørgensen T, Jensen 
KH (TJ, The Giostrup Population Studies, Elevboligen 7. sal, KAS 
Glostrup, DK-2600 Glostrup, Denmark). Scand J Gastroenterol 
25:281-286, 1890 


The prevalence of gallbladder polyps as assessed by ultrasonog- 
raphy in a random population was 4.6% among men and 4.3% among 
women. The size of most polyps was 3 mm or more but never 
exceeded 10 mm. The prevalence of polyps was not significantly 
associated with age, sex, social factors, weight factors, physical 
activity, diabetes mellitus, pregnancies, use of exogenous female 
hormones, intake of alcohol, or plasma lipids. Polyps among men 
were significanty associated with a history of no smoking. This lack 
of risk factor profile resembled that of cholesterolosis, as seen in the 
literature, whereas it was quite different from that of galistones. It is 
concluded that polyps in the gallbladder are common in a random 
population, and, although it is known from the literature that some 
cases may represent gallstones, the vast majority most probably 
represent the polypoid variation of cholesterolosis. 


The Journal of Bone and Joint Surgery 


Ultrasonic diagnosis of separation of the proximal humeral epiph- 
ysis in the newborn. Broker FHL, Burbach T (FHLB, Ziekenhuiscen- 
trum Apeldoorn. Koning Lodewijklaan 801, 7314 BC Apeldoorn, the 
Netherlands). J Bone Joint Surg [Am] 72-A(2):187-191, Feb. 1990 


A difficult delivery of a newborn infant may result in a traumatic 
separation of the proximal humeral epiphysis from the metaphysis 
through the physis. When the ossification center of the epiphysis is 
not yet visible radiographically, the correct diagnosis may be missed 
and the injury may be mistaken for a dislocation of Erb paisy. As a 
non-invasive diagnostic method, ultrasonography has proved to be a 
particularly valuable diagnostic tool. 


Clinical Orthopaedics and Related Research 


Bone scans after total knee arthroplasty in asymptomatic pa- 
tients: cemented versus cementless. Hofmann AA, Wyatt RWB, 
Daniels AU, Armstrong L, Alazraki N, Taylor A Jr (AAH, Division of 
Orthopedic Surgery, 50 N. Medical Dr., University of Utah Medical 
Center, Salt Lake City, UT 84132). Clin Orthop 251:183-188, Feb. 
1990 


The natural history of bone scans after total knee arthroplasty 
(TKA) was studied in 26 patients with 28 cemented TKAs and 29 
patients with 31 cementless TKAs. The bone scans were examined 
at specified postoperative intervals. Radionuclide activity of the fem- 
oral, tibial, and patellar regions was measured. Six patients who 
developed pain postoperatively were excluded. Bone scans immedi- 
ately postoperative and at three months demonstrated increased 
uptake, which gradually decreased to baseline levels at ten to 12 
months. Radioisotope uptake was comparable in the cemented and 
cementless groups, but was highly variable in individual patients and 
in each of the follow-up periods. A single postoperative bone scan 
cannot differentiate component loosening from early bone remodel- 
ing. Sequential bone scans, as a supplement to the clinical examina- 
tion and conventional radiography, may prove useful in the diagnosis 
of TKA failure. 


The Journal of Urology 


Fungal bezoars of the upper urinary tract. Irby PB, Stoller ML, 
McAninch JW (MLS, Dept. of Urology, U-518, University of California, 
San Francisco, San Francisco, CA 94143-0738), J Urol 143:447- 
451, March 1990 
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We report our experience with 6 cases of upper tract fungal 
bezoars involving 9 renal units—3 bilateral aspergillomas and 3 
Candida bezoars. The Aspergillus bezoars were notably more morbid: 
2 patients required nephrectomy after failure of medical therapy, 
whereas the 3 unilateral Candida bezoars all resolved with medical 
therapy and endourological access. In 1 patient whose aspergilloma 
was resistant to amphotericin B the investigational drug Itraconazole 
proved effective. These opportunistic infections, seen increasingly in 
immunocompromised patients, can present a difficult management 
problem. A combined approach is necessary, including medical ther- 
apy with topical and systemic antifungal agents, and endourological 
access for extraction, lavage and debulking. 


Inferior vena caval invasion by renal cell carcinoma: false positive 
diagnosis by venacavography. Selby JB Jr, Pryor JL, Tegtmeyer 
CJ, Gillenwater JY (JBS, Dept. of Radiology, University of Virginia 
Health Sciences Center, Charlottesville, VA). J Urol 143:464—467, 
March 1990 


We reviewed the records of 22 renal cell carcinoma patients who 
were referred to this hospital to determine inferior vena caval exten- 
sion of tumor. Preoperative radiological studies from referring hospi- 
tals and this institution were compared to the operative findings. Four 
cases of false positive inferior vena caval involvement on preoperative 
venacavograms performed and interpreted elsewhere were identified. 
In 3 of these cases a repeat preoperative inferior venacavogram 
performed at this hospital made the correct diagnosis. in the remain- 
ing case an inferior venacavogram was not repeated but no tumor 
was found at operation. One patient who did not undergo an operation 
was believed by have vena caval involvement by computerized to- 
mography but venacavography was negative. Reasons for the false 
positive studies included suboptimal technique and misinterpretation 
of normal flow defects. Our technique for venacavography is pre- 
sented. The importance of satisfactory preoperative radiological stud- 
ies is stressed. 


Pediatrics 


Negative clinical trials in cystic fibrosis research. Paittishall EN 
(ENP, Cystic Fibrosis Center, Children’s Hospital of Pittsburgh, 1 
Children’s PI., Pittsburgh, PA 15213). Pediatrics 85(3):277-281, 
March 1990 


The statistical power of 61 negative clinical trials of therapeutic 
regimens in patients with cystic fibrosis published from 1977 through 
1988 was reviewed and the ability of the investigations to detect 
small, medium, and large standardized differences was calculated. 
Small, medium, and large standardized differences were defined as 
ratios of 0.2, 0.5, and 0.8, respectively, of the observed difference 
compared with the standard deviation. The average numbers (+SD) 
of patients in the treatment and control groups were 14.3 + 6.9 and 
14.5 + 7.9, respectively. None of the studies had 80% power to 
detect a small or medium standardized difference and only 4 of the 
reports had 80% statistical power to detect a large standardized 
difference. The variability of cystic fibrosis causes a decrease in the 
standardized difference, making it more difficult to demonstrate sta- 
tistical significance. Statistical power of negative clinical trials reported 
in the literature deserves more attention from investigators as well 
as physicians who treat patients with cystic fibrosis. 


Reprinted by permission of PEDIATRICS © 1990. 


The Journal of Nuclear Medicine 


The acetabulum: a prospective study of three-phase bone and 
indium white blood cell scintigraphy following porous-coated hip 
arthroplasty. Oswald SG, Van Nostrand D, Savory CG, Anderson 
JH, Callaghan JJ (DVN, Nuclear Medicine Dept., Good Samaritan 
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Hospital, 5601 Loch Raven Blvd., Baltimore, MD 21239). J Nuc! Med 
31(3):274-280, March 1990 


Although few studies address the use of three-phase bone scan- 
ning (TPBS) and indium-111-labeled white blood ceil scintigraphy 
['"In-WBC) in hip arthroplasty utilizing a porous-coated prosthesis, 
the literature suggests that scintigraphic patterns in the uncompli- 
cated patient may differ from that seen with the cemented prosthesis. 
in an attempt to determine the scintigraphic natural history, 25 
uncomplicated porous-coated hip arthroplasties in 21 patients were 
prospectively studied with serial TPBS and ‘"In-WBC at ~7 days, 
and 3, 6, 12, 18, and 24 mo postoperatively. This report deals with 
findings related to the acetabulum. All 25 prostheses (144 of 144 
scans) demonstrated increased uptake on the bone-phase images. 
Although this activity decreased with time, 76% had persistent uptake 
at 24 mo. Twenty-three of 25 prostheses (126 of 140 scans) showed 
increased uptake on ‘"In-WBC scintigraphy, invariably decreasing 
with time, but with 37% having significant uptake at 24 mo. Scinti- 
graphic patterns in the uncomplicated porous-coated hip arthroplasty 
patient appear to differ from patterns described in cemented prosthe- 
ses. 


Single perfusion defect and pulmonary embolism: angiographic 
correlation. Catania TA, Caride VJ (VJC, Nuclear Medicine Section, 
Hospital of Saint Raphael, 1450 Chapel St., New Haven, CT 06511). 
J Nuci Med 31(3):296-301, March 1990 


One hundred and thirty-three ventilation-perfusion scans (V-P) with 
angiographic correlation were retrospectively reviewed to evaluate 
the frequency of pulmonary emboli (PE) in single perfusion defects 
(SPD), regardless of ventilation or radiographic findings. By angiog- 
raphy, 15 of 30 SPD cases had PE. Demographic data and clinical 
presentation were similar for PE and non-PE patients However, 9 out 
of 15 patients with PE had recent surgery compared to none of the 
non-PE patients. SPD were seen in areas of ventilation and chest x- 
ray abnormalities in 12 of 15 PE and 11 of 19 non-PE cases. Size of 
the actual lesion was underestimated by scintigraphy in most cases. 
In 7 of 15 PE cases, the perfusion defect was larger than the 
corresponding ventilation abnormality. Most SPD were located at the 
bases. Twelve of 15 SPD in the PE group were at the posterior 
basilar segment. in the appropriate clinical setting, SPD carries at 
least a moderate probability for PE. When the clinical suspicion is 
high, a pulmonary angiography will be needed to confirm the diag- 
nosis. 


Osteoporosis in women with eating disorders: comparison of 
physical parameter, exercise, and menstrual status with SPA.and 
DPA evaluation. Joyce JM, Warren DL, Humphries LL, Smith AJ, 
Coon JS (JMJ, The Western Pennsylvania Hospital, Pittsburgh, PA 
15224). J Nucl Med 31(3):325-331, March 1990 


Osteoporosis has been reported in anorexia nervosa (AN), but not 
in other eating disorders. Thirty-three patients, 8 AN, 17 bulimia 
nervosa (BN), and 8 eating disorder not otherwise specified (EDNOS), 
were evaluated by bone densitometry (radius, spine, femur) to deter- 
mine the prevalence and distribution of osteoporosis and the role of 
physical parameters, exercise and estrogen. All three diagnostic 
subgroups had evidence of decreased bone density, worst in the 
EDNOS subgroup and least in the BN subgroup. The most affected 
site was the femur, least the spine; the radius was intermediate. Age, 
body surface area, age of onset, and length of illness weakly corre- 
lated with the femur and spine density in the BN and EDNOS 
subgroups. Exercise was related to bone density in the AN subgroup 
in the femur, moderate exercise having a protective effect and stren- 
uous exercise being detrimental. No significant correlation of bone 
density measurements with estradiol levels and/or history of amen- 
orrhea was identified. Eating disorder patients are at risk for osteo- 
porosis, which has multiple contributing factors including physical 
parameters and exercise. Estrogen deficiency by itself may not be a 
major causative factor. 
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Pediatric Radiology 


Comparison of soft tissue effects of conventional ionic, low os- 
molar ionic and nonionic iodine containing contrast material in 
experimental animals. McAlister WH, Kissane JM (WHM, Mallinck- 
rodt Institute of Radiology, Washington University School of Medicine, 
St. Louis, MO). Pediatr Radiol 20:170-174, 1990 


Conventional, low osmolar, and non-ionic iodine containing con- 
„trast media and saline controls were placed in the paws, muscles, 
and subcutaneous tissues of Sprague-Dawley rat thighs. The paw 
injections were observed and photographed, while the thighs were 
examined histologically. Results showed that although the low os- 
molar and non-ionic agents did produce inflammatory reactions and 
focal necrosis in the soft tissues, they were much better tolerated 
than were the conventional ionic agents. A non-ionic or low osmolar 
ionic contrast agent should be strongly considered when a possibility 
for extravasation exists. 


MRI of the knee region in leukemic children. Part |. Initial pattern 
in patients with untreated disease. Bohndorf K, Benz-Bohm G, 
Gross-Fengels W, Berthold F (KB, Pediatric Radiology, Dept. of 
Radiology, University of Cologne, FRG). Pediatr Radio} 20:179-183, 
1990 


The results of MRI studies performed on the medullary cavity in 
the knee region of 15 children with leukemia and 5 healthy children 
are reported. By the age of a few years the signal intensities and the 
relaxation times of bone marrow begin to resembie fat. Early leukemic 
infiltration can therefore be more easily recognised in the knee region 
than in the spine using simple T4 weighted Spin-Echo images. We 
observed an abnormal signal pattern in all our patients which fell into 
three groups: (a) diffuse uniform (b) diffuse non-uniform and (c) patchy. 
We have not been able to correlate these into age, sex or the risk 
factor determined by clinical or laboratory methods. The diffuse 
patterns seem to dominate in cases of ALL, the patchy forms in AML. 
No correlation could be found between the blast levels established 
by the iliac crest biopsy and the results of MRI. 


The rediscovery of infant feeding formula with magnetic reso- 
nance imaging. Gerscovich EO, McGahan JP, Buonocore MH, Ablin 
DS, Lindfors KK (EOG, Dept. of Radiology, University of California 
Davis Medical Center, Sacramento, CA). Pediatr Radio! 20:147-151, 
1990 


In six newborns, regular infant feeding formula given approximately 
one-half hour to four hours prior to MR examination, demonstrated a 
high intensity signal within the infant’s stomach, small bowel, and 
colon. This effect was observed on both 0.5 Tesla and 1.5 Tesia 
magnets on T1 (SE TR/TE 433-600/20-25) and on T2 (SE TR/TE 
1500/30-80) weighted images. Infant feeding formula has the poten- 
tial to be used as an oral contrast agent for visualization of the 
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newborn gastrcintestinal tract. Chloral hydrate and other agents were 
also tested. 


Journal of Ultrasound in Medicine 


Fetal lobation: an anatomo-ultrasonographic correlation. Patriquin 
H, Lafaivre JF, Lafortune M, Russo P, Boisvert J (HP, Dept. of 
Radiology, H6ptal Ste-Justine, 3175, Cote Ste-Catherine, Montreal, 
Quebec, H3T 1C5, Canada). J Ultrasound Med 9:191-197, April 1990 


Remnants of the fusion of fetal renunculi have been mistaken for 
renal scars of tumors. We compared anatomic cuts of 24 cadaveric 
kidneys with fetal lobation (ages ranged from 16 weeks gestation to 
49 years) to identical ultrasonographic sections. performed in a water 
bath and to sonograms of healthy persons of similar ages as the 
cadavers. Fetal lobation was characterized as follows: there were 
fine, linear demarcations indenting the renal surface, separating nor- 
mal lobes, consisting of a central pyramid and surrounding cortex. 
Separate renunculi seen in early fetal life progressively fuse through- 
out gestation, leaving interlobar grooves. During the third trimester, 
the renal surface becomes smoother and the interlobar grooves 
become invisible. One prominent indentation of the renal surface, the 
interrenuncular junction, incorporates perirenal fat and invaginates 
the anterior surtace of the upper third of the kidney to the hilum and 
is the most easily visible remnant of fetal lobation. The sharply defined 
linear remnants of interlobar grooves should not be mistaken for 
scars, which are wider, less well defined and always associated with 
loss of renal cortex. 


Reprinted with permission by the American Institute of Ultrasound in Medi- 
cine. 


Magnetic Resonance Imaging 


MRI evaluation of AIDS-related encephalopathy: toxoplasmosis 
vs. lymphoma. Kupfer MC, Zee CS, Colletti PM, Boswell WD, 
Rhodes R (CSZ, LA County-USC Medical Center, RM 5139, Los 
Angeles, CA 90033). Magn Reson imaging 8:51-57, 1990 


The spectrum of cranial MRI findings was evaluated in 113 patients 
with the acquired immunodeficiency syndrome, assessing lesion num- 
ber, size, locaticn, and configuration in association with the autopsy 
and/or biopsy results. Correlation of cranial MRI and CT was per- 
formed in 32 pafents. MRI was shown to be superior in sensitivity of 
lesion detection demonstrating more lesions than CT in 14 studies 
(44%) and equivalent information in 18 studies (56%). In no case did 
CT demonstrate lesions not detected on MRI. We conclude that MRI 
should be the study of choice in evaluating AIDS-related encephalop- 
athy. Multiple lesions that involve both deep gray matter and white 
matter suggest the possibility of CNS lymphoma. The “target” ap- 
pearance on MFI is not helpful in distinguishing toxoplasmosis from 
lymphoma. 
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Cyanoacrylate Embolization Course 


The Dept. of Radiology, The Johns Hopkins Medical Institutions, 
Baltimore, is offering a 1-day course, times to be arranged, in cy- 
anoacrylate embolization. The course is designed to be a hands-on 
learning fellowship for radiologists only. it will include a selective 
review of the literature on cyanoacrylate embolization. Representative 
cases will emphasize technical and safety aspects of the procedure. 
Each participant will do superselective catheterization of a wide 
variety of arteries in swine, make up the direct glue solution, and 
perform the actual embolization of the vessels. Category 1 credit: 8 
hr. Fee: $1875. Information: Program Coordinator, The Johns Hop- 
kins Medical Institutions, Office of Continuing Education, Turner 
Bidg., 720 Rutland Ave., Baltimore, MD 21205; (301) 955-2959. 


Physics and Instrumentation 


The Division of Diagnostic Ultrasound, Dept. of Radiology, Thomas 
Jefferson University Hospital, is offering Physics and Instrumentation, 
July 9-13. The course is designed for entry-level students; no pre- 
vious knowledge of physics is assumed. The focus is on practical 
knowledge that will be immediately useful in performing and inter- 
preting sonographic examinations. Hands-on experience with a wide 
variety of sonographic instruments is an integral part of the course. 
Program coordinator: Peter N. Burns. Category 1 credit: 26 hr. Fee: 
$650. Information: Judith Kaneff, Education Coordinator, Division of 
Diagnostic Ultrasound, Thomas Jefferson University Hospital, 7th 
Floor, Main Bidg., Philadelphia, PA 19107; (215) 928-8533. 


Cross-Sectional Anatomy 


The Division of Diagnostic Ultrasound, Dept. of Radiology, Thomas 
Jefferson University Hospital, is offering Cross-Sectional Anatomy, 
July 16-20. The course is divided between a detailed review of 
sectional anatomy and correlation with sonograms. Other correlative 
imaging techniques such as CT and MR are used when appropriate. 
Program coordinator: Carol A. Willlams. Category 1 credit: 27 hr. 
Fee: $650. Information: Judith Kaneff, Education Coordinator, Divi- 
sion of Diagnostic Ultrasound, Thomas Jefferson University Hospital, 
7th Floor, Main Bldg., Philadelphia, PA 19107; (215) 928-8533. 


Obstetrics and Gynecology 


The Division of Diagnostic Ultrasound, Dept. of Radiology, Thomas 
Jefferson University Hospital, is offering Obstetrics and Gynecology, 
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July 23-27, Sept. 10-14, Oct. 8-12, and Nov. 5-9. The program 
covers the full range of ultrasound applications in evaluation of the 
fetus and the female pelvis. Approximately two thirds of the program 
is devoted to obstetrics and the remainder to gynecology. The 
obstetrics part includes a thorough review of current techniques of 
fetal measurement and presents an orderly approach to assessment 
of fetal growth and well-being, identification of abnormal echo pat- 
terns, and establishing a differential diagnosis. The gynecologic part 
emphasizes recognition of normal anatomy and characterization of 
gynecologic masses. Hands-on scanning of pregnant patients is not 
included. Program coordinator: Alfred B. Kurtz. Category 1 credit: 30 
hr. Fee: $650. information: Judith Kaneff, Education Coordinator, 
Division of Diagnostic Ultrasound, Thomas Jefferson University Hos- 
pital, 7th Floor, Main Bidg., Philadelphia, PA 19107; (215) 928-8533. 


Abdominal Ultrasound 


The Division of Diagnostic Ultrasound, Dept. of Radiology, Thomas 
Jefferson University Hospital, will present Abdominal Ultrasound, July 
30-Aug. 2, Oct. 1-4, and Nov. 12-15. The course consists primarily 
of lectures supplemented by demonstrations and case reviews. Em- 
phasis is on an integrated approach combining recognition of normal 
sonographic anatomy and typical sonographic patterns of abdominal 
disease. Program coordinator: Rick Feld. Category 1 credit: 27 hr. 
Fee: $575. Information: Judith Kaneff, Education Coordinator, Divi- 
sion of Diagnostic Ultrasound, Thomas Jefferson University Hospital, 
7th Floor, Main Bldg., Philadelphia, PA 19107; (215) 928-8533. 


Prostate Ultrasound 


The Division of Diagnostic Ultrasound, Dept. of Radiology, Thomas 
Jefferson University Hospital, is offering Prostate Ultrasound, Aug. 3, 
Oct. 5, and Nov. 16. The program provides an overview of both 
established and recently developed approaches to ultrasound of the 
prostate, with special emphasis on endorectal scanning. It also pro- 
vides practical hands-on experience with a variety of instruments. 
Program coordinator: Matthew D. Rifkin. Category 1 credit: 9 hr. Fee: 
$350. Information: Judith Kaneff, Education Coordinator, Division of 
Diagnostic Ultrasound, Thomas Jefferson University Hospital, 7th 
Floor, Main Bldg., Philadelphia, PA 19107; (215) 928-8533. 


Radiation, Physics, and Biology 


NYU Medical Center, Post-Graduate Medical School, is offering 
Radiation, Physics, and Biology, Aug. 27~31, at the NYU Medical 


* AJR:155, July 1990 


Center, New York City. The course, which is designed for residents 
in diagnostic radiology and nuclear medicine, is an intensive review 
of the physics and biology basic to radiology. The emphasis is on 
understanding. concepts. Questions will be distributed as a specific 
aid to study. Students are advised to prepare for the course by 
reading one or more of the basic texts on diagnostic radiologic physics 
and radiation biology. Category 1 credit: 32 hr. Fee: $575. Informa- 
tion: NYU Medical Center, Post-Graduate Medical School, 550 1st 
Ave., New York, NY 10016; (212) 340-5295. 


Physics of Diagnostic Radiology, Nuclear Medicine, 
and Radiation Biology 


The Dept. of Radiology and the Office of Continuing Medical 
Education, University of California, Davis, School of Medicine, is 
sponsoring Physics of Diagnostic Radiology, Nuclear Medicine, and 
Radiation Biology, Sept. 6-9. This is a review course for residents in 
diagnostic radiology and nuclear medicine. Course directors: Jerrold 
T. Bushberg arid J. Anthony Seibert. Category 1 credit: 25 hr. Fee: 
$375. Information: Office of Continuing Medical Education, University 
of California, Davis, School of Medicine, 2701 Stockton Blvd., Sac- 
ramento, CA 95817; (916) 734-5390. 


Interventional Radiology Update 1990 


The Dept. of Radiology, Toronto General Hospital and University 
of Toronto, are sponsoring Interventional Radiology Update 1990, 
Sept. 7, in Toronto. The course, which is designed for practicing 
radiologists and radiology residents, will cover a wide spectrum of 
interventional procedures of current interest. Course director: Eugene 
Yeung. Category 1 credit: 6 hr. Fee (in Canadian dollars): physicians, 
$125; residents, fellows, and technologists, $60. information: Ms. E. 
Coretti, Course Secretary, Dept. of Radiology, Toronto General Hos- 
pital, 200 Elizabeth St., Toronto, Ontario, Canada M5G 204; (416) 
340-3371. 


Organ Imaging Review 1990 


The University of Toronto is sponsoring its annual intensive general 
radiology course, Organ Imaging Review 1990, Sept. 9-14, at the 
Four Seasons Hotel, Toronto. Radiologic-pathologic correlation will 
be emphasized. Appropriate use of conventional and advanced im- 
aging techniques in assessment of specific organ systems (inciuding 
chest, gastrointestinal, genitourinary, musculoskeletal, and CNS) and 
sonographic and pediatric radiologic investigations will be discussed. 
Guest faculty: J. L. Buck, J. W. Charboneau, M. S. Levine, N. L. 
Muller, and W. A. Murphy, Jr. Category 1 credit: 30 hr. Fee (U.S. 
dollars): physicians, $520; residents and fellows, $325. Information: 
Edward E. Kassel, M.D., Dept. of Radiology, University of Toronto, 
Faculty of Medicine, Rm. 127, FitzGerald Bldg., Toronto, Ontario, 
Canada M5S 1A8; (416) 978-6801. 


Correction: Uroradiology Postgraduate Course 


The correct fee for the Society of Uroradiology 10th Annual Post- 
graduate Course—Uroradiology ‘90 is $525. The course wil! be 
presented Sept. 10-14 at the Westin Bayshore Hotel, Vancouver, 
B.C. For more information, see the April 1990 issue of the AJR. 
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Transrectal Ultrasound and Prostate Cancer 


Huron Valley Radiology, Catherine McAuley Health Center, Ann 
Arbor, MI, is cffering the 5th International Symposium on Transrectal 
Ultrasound in the Diagnosis and Management of Prostate Cancer. 
The symposium will be held Sept. 14-15 in Chicago. Category 1 
credits: 14 hr. Information: Diversified Conference Management, Ine., 
P. O. Box 2508, Ann Arbor, MI 48106; (313) 665-2535. 


MRI for Radiologic Technologists 


The Dept. of Radiology, Baylor College of Medicine, Houston, will 
offer MRI for Radiologic Technologists, Sept. 14-15 and Dec. 7-8. 
The course is an introduction on the fundamentals of MR imaging 
and its capabifities and various techniques of application. Appropriate 
background for MR imaging will be provided, including basic nuclear 
magnetic phenomena, modifications required for imaging, the current 
state of clinical knowledge, and a survey of potential applications. 
Fee: $200. Information: Stewart C. Bushong, Sc.D., FACR, FACMP, 
Dept. of Radiology, Baylor College of Medicine, 1 Baylor Plaza, 
Houston, TX 77030; (713) 798-4416. 


Resident’s Review in Physics and Radiobiology 


The Dept. of Radiology, Baylor College of Medicine, Houston, is 
offering Residant’s Review in Physics and Radiobiology, Sept. 14- 
16. The course is divided into 10 sections of lecture and discussion. 
Each section will include a mock examination given in a format similar 
to that used by the American Board of Radiology in its certifying 
examinations. Fee: $200. Information: Stewart C. Bushong, Sc.D., 
FACR, FACMP, Dept. of Radiology, Baylor College of Medicine, 1 
Baylor Plaza, Houston, TX 77030; (713) 798-4416. 


Nuclear Cardiology Symposium and Workshops 


The Cardiovascular Disease Center, University of Wisconsin 
School of Medicine; Sinai Samaritan Medical Center, Mount Sinai 
Campus; and Continuing Medical Education, University of Wisconsin, 
are sponsoring Nuclear Cardiology Symposium and Workshops, Oct. 
10-12, at the Marc Plaza Hotel, Milwaukee, WI. Category 1 credits 
will be awarded. Information: Sarah Aslakson, Continuing Medical 
Education, 2715 Marshall Ct., Madison, WI 53705; (608) 263-2856. 


Mammography Update 1990 


The Dept. of Radiology and Continuing Medical Education, the 
University of Wisconsin School of Medicine, and the University of 
Wisconsin-Extension are sponsoring Mammography Update 1990, 
Oct. 18-19, at the Inn on the Park Hotel, Madison, WI. Category 1 
credits will be awarded. Information: Sarah Aslakson, Continuing 
Medical Education, 2715 Marshall Ct., Madison, WI 53705; (608) 
263-2856. 


Seminar in Diagnostic Ultrasound 


The Dept. of Radiology, The University of Michigan, Medical 
School, is sponsoring the 13th Annual Seminar in Diagnostic Ultra- 
sound, Oct. 1€~-20, in Ann Arbor. Course director, Terry M. Silver. 
Guest faculty: Diane Babcock, Roy Filly, W. D. Foley, Bruno Fornage, 
and Faye Laing. Category 1 credit: 14 hr. information: The Registrar, 
Office of Contiruing Medical Education, G-1100 Towsley Center, Box 
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0201, University of Michigan Medical School, Ann Arbor, MI 48109- 
0201; (313) 763-1400. 


Western Neurological Society Annual Meeting 


The Western Neurological Society will hold its annual scientific 
meeting Oct. 19~21 at the Eldorado Clarion Hotel, Santa Fe, NM. 
Information: Dawne Ryals, Ryals & Associates, P. O. Box 1925, 
Roswell, GA 30077-1925; telephone: (404) 641-9773; fax: (404) 552- 
9859. 


Neuroradiology Update 


The Dept. of Radiology, University of Alabama at Birmingham, is 
presenting Neuroradiology Update with Emphasis on Magnetic Res- 
onance Imaging, Oct. 19-21, at the Wynfrey Hotel, Birmingham, AL. 
Program chairman: Robert J. Stanley. Program director: Taher El 
Gammal. Guest faculty: M. H. Gado, Gordon Sze, and R. M. Quencer. 
Category 1 credit: 18 hr. Fee: physicians, $395; residents, fellows, 
and technologists, $295. Information: Dawne Ryals, Ryals & Associ- 
ates, P. O. Box 1925, Roswell, GA 30077-1925; telephone: (404) 
641-9773; fax: (404) 552-9859. 


Advances in Diagnostic Radiology 


The Dept. of Diagnostic Radiology, the Mayo Clinic, will present 
Advances in Diagnostic Radiology, Oct. 28-Nov. 1, at the La Paloma 
Resort, Tucson, AZ. The course will include a comprehensive update 
on musculoskeletal MR imaging, neuroradiology, and a multidiscipli- 
nary symposium on pertinent imaging issues in hepatobiliary tumors 
and colorectal cancer. Vascular, genitourinary, breast, and chest 
imaging will be emphasized also. Category 1 credit: 23 hr. Fee: 
physicians, $525; residents, $262.50. Information: Division of Contin- 
uing Medical Education, Mayo Clinic, Rochester, MN 55905; tele- 
phone: (507) 284-2509; fax: (507) 284-0532. 


The American Board of Radiology Examinations 


Written examinations for the American Board of Radiology (ABR) 
are scheduled for Sept. 27-28, 1990, and Oct. 3-4, 1991. Oral 
examinations will be held at the Executive West Hotel in Louisville, 
KY, June 3-7, 1991. The ABR will accept applications for admission 
to the examinations after July 1, but not later than Sept. 30, in the 
year preceding the year in which the examination is to be taken. For 
application forms and further information: Office of the Secretary, The 
American Board of Radiology, 300 Park, Ste. 440, Birmingham, MI 
48008. 


Meeting and Course Review 


For the reader’s convenience, a summary of upcoming meetings 
and courses is provided. Detailéd listings are given in the AJR issue 
given in parentheses. 


Visiting Fellowship in Interventional Radiology, times arranged, 
. Baltimore (Sept 1989) © 

Visiting Fellowships at UCSF, times arranged, San Francisco (Sept 
1989) 

Preceptorships in Transrectal Ultrasound of the Prostate, Ann 
Arbor, MI (Sept 1989) 
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Workshops on New Cardiac and Peripheral Vascular Devices, 
July 2-6, Orlando, FL (June) 

Courses in MR Imaging at Emory University, Course for technol- 
ogists, July 9-13, Aug. 6-10, Oct. 15-19, and Nov. 4-10; course 
for physicians, Sept. 10-14, Sept. 24-28, Oct. 1-5, Oct. 29-Nov. 
2, Nov. 12-16, and Dec. 3-7; Atlanta (June) 

Diagnostic Imaging Seminar, July 9-13, Nantucket Island, MA 
(June) 

International Course in Cardiovascular Interventional Radiology, 
July 11-13, Leeds, United Kingdom (Dec 1989) 

Mammography and the Search for Breast Cancer, July 13-14, 
Rochester, NY (April) i 

Annual Pittsburgh Breast Imaging Seminar, July 13-15, Pittsburgh 
(May) 

Tomography for Technologists, July 16-17, Sept. 17-18, and Nov. 
12-13, Atlanta (June) 

Advances in Radiation Oncology Physics, July 16-20, Lawrence, 
KS (March) 

Annual Symposium on Breast Disease, July 22-25, Grand Traverse 
Village, Mi (June) 

American Association of Physicists in Medicine Annual Meeting, 
July 22-26, St. Louis (Feb) © 

Napa Valley Imaging Update—MRI 1990, July 22-26, Napa, CA 
(April) 

Musculoskeletal Imaging, July 23-25, Laguna Niguel, CA (March) — 
Symposium on Magnetic Resonance Imaging, July 26-29, Laguna 
Niguel, CA (March) 

Imaging on Lake Coeur d’Alene, Aug. 2-4, Coeur d'Alene, ID (June) 
Annual Northern Imaging Meeting, Aug. 4-8, Winnipeg, Manitoba 
(March) 

Mackinac Island Imaging Conference, Aug. 6-9, Mackinac Island, 
MI (June) 

Summer Imaging and Interventional Techniques VIII, Aug. 13-17, 
Hilton Head Island, SC (June) 

Neurotransmitters: Brain, Heart, and Tumor Response, Aug 24- 
27, Montreal (June) 

Copenhagen Symposium on Uroradiclogy, Aug 27-30, Herlev, 
Denmark (Feb) 

Registry Preparation Courses for Sonographers: Ultrasound Phys- 
ics, Sept. 7-8, Dallas; Sept. 24-25, Los Angeles; Sept. 29-30, 
Washington, DC; and Oct. 5-6, Chicago; Doppler Physics, Sept. 9, 
Dallas; Sept. 26, Los Angeles; Oct. 1, Washington, DC; and Oct. 7, 
Chicago; Abdominal Ultrasound Review, Sept. 26-27, Washington, 
DC; and OB/GYN Ultrasound Review, Sept. 28, Washington, DC 
(June) 

Mammography for the General Radiologist, Sept. 10-13 and Oct. 
22-25, Boston (March) 

European Society of Head and Neck Radiology Annual Meeting, 
Sept. 12-15, Brescia (Lake of Garda), Italy (Feb) 

Applied Ultrasound: Accent on Doppler, Sept. 12-15, Naples, FL 
(Aprii) 

Musculoskeletal Disorders, Sept. 12-15, Saizburg, Austria (April) . 
International Symposium on Biliary Lithotripsy, Sept. 18-15, Mun- 
ich, Germany (June) 

Advances in Mid and Low Field Magnetic Resonance Imaging, 
Sept. 14-16, Portland, OR (June) 

interdisciplinary Management of Dysphagia, Sept. 15, San Antonio 
(June) 

Interventional Neuroradiology: Current Practices and Techniques, 
Sept. 16-18, Baltimore (June) 

Interventional Radiology/2nd Marmara Medical Days, Sept. 19- 
21, Haydarpasa-Istanbul, Turkey (March) 

international Meeting on Topics of interventional Radiology, Sept. 
20-22, Hotel Oranje Noordwyk, the Netherlands (May) 
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Nuclear Medicine Technology Certification Examination, Sept. 22; 
application deadline, July 21 (Nov 1989) 

Radiology in Britain and Brussels, Sept. 23-30, Eastbourne, Sus- 
sex, England, and Brussels, Belgium (May) 

Quantitative Thallium Myocardial Tomography, Sept. 24-25 and 
Oct. 22-23, Atlanta (June) 

International Conference on Ultrasound Angiography, Sept. 25~ 
28, London, United Kingdom (Feb) 

Neuroradiology Courses at Harvard: Current Concepts i in Netro- 
radiology, Oct. 1-3; Head and Neck Radiology and Neuro-MRi, 
Oct. 4-5; Boston (June) 

Royal Australasian College of Radiologists Annual Meeting, Oct. 
5-11, Perth, Western Australia (April) 

Practical Radiology, Oct. 8-11, Charlottesville, VA (May) 
Cardiovascular Imaging and interventional Radiology, Oct. 9-12, 
Cambridge, MA (June) 

Magnetic Resonance Imaging 1990: Back to the Future, Oct. 10- 
13, Cincinnati (May) 

American Lithotripsy Society Annual Meeting, Oct. 11-14, San 
Diego (March) 

MR Imaging Course in Riyadh, Saudi Arabia, Oct. 14-17, Riyadh, 
Saudi Arabia (April) 

Digital Imaging and Other New Trends in Clinical Practice, Oct. 
15-18, Boston (June) 
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Update on MR Imaging and CT, Oct. 22-26, Cambridge, MA (June) 
Advanced Neuroradiology Seminar, Oct. 25-27, Orlando, FL (June) 
Advances in Color Doppler Sonography, Nov. 1-3, White Sulphur 
Springs, WV (May) 

Symposium on Bone and Soft-Tissue Tumors, Nov. 9-10, Sacra- 
mento, CA (May) 

International Congress of Radiation Research, July 7-12, 1991, 
Toronto. Deadline for Junior Investigators Awards, Oct. 15, 1990; for 
abstracts, Jan. 15, 1991 (May) 






AJR carres announcements of courses, symposia, and 
meetings of interest to its readers if received a minimum of 5 
months before the event. There is no charge; receipt of items 
by the AJR Editorial Office is not acknowledged. Submit items 
for publication typed double-spaced. Provide title, date, loca- 
tion, brief description, sponsor, course directors, fees, cate- 
gory | credit and address and telephone number for additional 
information. Faculty from the host institution will not be listed. 
Guest faculty names will appear only if initials are provided. 
Mail news items to AJR Editorial Office, 2223 Avenida de la 
Playa, Suite 200, La Jolla, CA 92037-3218. 






















American Roentgen Ray Society 91st Annual Meeting 
May 5-10, 1991, Boston, MA - 
Sheraton Boston Hotel 


Registration and Hotel Reservations 


Forms for advance registration and hotel reservations will be in the 
February and March 1991 issues of the AJA. 


Scientific Program 


Abstracts of papers to be considered for the program must be 
submitted by November 1, 1990. Forms on which to submit ab- 
stracts are in this issue of the AJR. The ARRS Program Committee 
will select papers and notify authors in early January. The AJR has 
first rights to all papers accepted for presentation at the ARRS meet- 

ing. Send abstract, application, and four copies of the abstract to 


John A. Kirkpatrick, Jr., M.D. 
c/o Paul R. Fullagar 

American Roentgen Ray Society 
1891 Preston White Dr. 

Reston, VA 22091 


Refresher Course Program 


A summary of the refresher courses will appear in the AJR in Feb- 
ruary along with advance registration forms. Early registration is an 
advantage in assuring preferred courses in this popular program. 


Scientific Exhibits 


Proposals for scientific exhibits must reach the Chairman of Ex- 


hibits by November 1, 1990. Forms, which may be photocopied, are ` 


in this issue of the AJR. Send completed form to 


N. Reed Dunnick, M.D. 

c/o Paul Fullagar 

American Roentgen Ray Society 
1891 Preston White Drive 
Reston, VA 22091 

Telephone (703) 648-8992 


Local Program 


A program of sightseeing, shopping, and entertainment wili be de- 
veloped by the Local Arrangements Chairman. Information and ad- 
vance registration forms will be in the February issue of the AJR. 


Residents’ Award Papers 
N 


The ebeiety offers several cash awards for the best scientific pa- 
pers prepared by residents in radiology. The President's Award has a 
$2000 prize. There are two Executive Council awards of $1000 
each. All are presented at the annual meeting. Papers should be 
submitted by February 15, 1991, for consideration in this competi- 
tion. Send entries to 


Nancy O. Whitley, M.D. 

Dept. of Radiology 

University of Maryland Medical Systems Hospital 
22 S. Greene St. 

Baltimore, MD 21201 


Deadlines 


Abstracts of papers: November 1, 1990 
Scientific exhibit proposals: November 1, 1990 
Residents’ Award papers: February 15, 1991 


Call for Papers . 
American Roentgen Ray Society 


1991 Annual Meeting: 
May 5-10, 1991, Boston, MA 


ADDRESS OF PRESENTING AUTHOR 








Department 





institution 





Street 


City, State ` Zip 








Phone: 





Type title, authors, and abstract in the space provided below. (instructions are on reverse side of this page. Abstract should not exceed 300 words.) 





+ Select one category: ———Angio/interventional Breast —____Chest 
¥ MR .........Neuroradiology —____Skeletal Sonography 
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Gastrointestinal Tract 
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Instructions for Scientific Abstracts 


1. Type the information single-spaced within the lines. Underline the 2. Abstracts should include four paragraphs devoted sequentially to 


name of the presenting author. Append as a last line of the abstract the following topics: (1) object or purpose of the study, (2) mate- 
any research grant support, if applicable (e.g., Supported by rials, methods, and procedures, (3) results, (4) significance of the 
USPHS Grant HE-80144). If the abstract is accepted, it will not be results and conclusions. The text should not exceed 300 words. 
proofread; it will appear exactly as typed. Use the following format: Specific data are essential. The abstract should be a succinct 
summary of work done rather than a promissory note. 
MR IMAGING OF THE SPINE AND NECK 3. The Program Committee will grade each abstract and determine 
F. S. Lau, M.D., A. N. Kirk, M.D., and R. A. Beck, Ph.D. acceptance. Further information will be forwarded to those whose 
University of California, Bakersfield, Bakersfield, CA 92338 abstracts are accepted for presentation. 


Deadline for submission of abstract is November 1, 1990. Mail abstract and four copies to 


John A. Kirkpatrick, Jr., M.D. 
c/o Paul R. Fullagar 
American Roentgen Ray Society 
1891 Preston White Dr. 
Reston, VA 22091 





Call for Scientific Exhibits 


American Roentgen Ray Society 
1991 Annual Meeting: 

















FOR COMMITTEE USE ONLY 


Date Received ____Application No. —— 















































Subject Score 
May 5-10, 1991, Boston, MA Rejected Accepted 
Assigned Space No. 
Principai Exhibitor's Mailing Address 
Name Institution 
Department Street Address City 
State Zip Code —— ——— —— Telephone: Office (_) home( ) o o ooo 
Names of Exhibitors (List principal exhibitor first and telephone number of each person.) 
Last First Middle Telephone Degree 3 
(one oniy) Member ARRS? 
Title of Exhibit 





Type abstract single-spaced in the space provided below. (See instructions on the reverse side of this page.) 





Instructions for Abstract 


The abstract should be a brief paragraph that states the purpose, principal information, and conclusions of the exhibit. Promissory statements 
are not acceptable. Type single-spaced in the space provided on the reverse side. Brevity is desirable but not at the expense of specific 
information. The abstract will appear in the program book as submitted. Please use typewriter and complete the application form on both 
sides. List space requirements. 


What Type of Exhibit Is Proposed? (Check one and fill in all appropriate blanks.) 





Free-standing. This is a self-contained display created in total by the exhibitor. It may be a fold-open unit, a unit shipped in cases and 
assembled on site, or a tabletop unit. Linear feet required 





Poster Board (backboard panels). Backboard panels are 4 x 8 ft. (1.2 x 2.5 m). Number of panels required . If two panels are 


needed, there will be a 4-in. frame separating the panels, thus requiring a separation in the presentation. 











Viewbox. Mounted materials (radiographs and other transparencies) for display on the society’s illuminators. Each illuminator is 39.5 x 
59.5 in. (100 x 151 cm). Number of illuminators required . Materials should not be glass mounted. 





Please Indicate Most Appropriate Category. 


Breast 
Radiobiology 


Medical physics 
Sonography 


Cardiovascular Chest Gastrointestinal Genitourinary 
Nuclear medicine Pediatric Radiation oncology 


Bone 
Neuroradiology 






































Exhibits will be chosen on the basis of the quality of the abstract and space available. Poster board exhibits are encouraged, as they do not 
require a viewbox or electricity. 





Signature of Principal Exhibitor 


Exhibitors will receive instructions for exhibit preparation. 


Applications must be received no later than November 1, 1990. Mail original and five copies to 


N. Reed Dunnick, M.D. 

c/o Paul R. Fullagar 
American Roentgen Ray Society 
1891 Preston White Dr. 
Reston, VA 22091 


Telephone: (703) 648-8900 
FAX: (708) 648-9176 
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American Roentgen Ray Society: 
Officers, Committees, and Membership Information 


Officers 


President: M. Paul Capp 

President-elect: John A. Kirkpatrick, Jr. 
ist Vice-president: A. Everette James, Jr. 
2nd Vice-president: Andrew K. Poznanski 
Secretary: Joseph T. Ferrucci, Jr. 
Treasurer: Beverly P. Wood 


Executive Council: R. J. Alfidi, R. N. Berk, M. P. Capp, W. J. 
Casarella, N. R. Dunnick, R. G. Evens, J. T. Ferrucci, Jr., A. 
E. James, Jr., J. A. Kirkpatrick, Jr., A. M. Landry, Jr., J. E. 
Madewell, A. A. Moss, A. K. Poznanski, L. F. Rogers, R. J. 
Stanley, J. H. Thrall, K. H. Vydareny, N. O. Whitley, B. P. 
Wood, G. R. Leopold, chairman 


Committees 


Editorial Policy: R. N. Berk, E. Buonocore, S. v. W. Hilton, M. 
S. Huckman, C. A. Rohrmann, Jr., R. J. Stanley, R. I. White, 
W.-J. Casarella, chairman 

Education and Research: C. B. Higgins, B. J. Hillman, R. A. 
McLeod, R. J. Stanley, W. M. Thompson, N. O. Whitley, 
chairman 

Finance and Budget: R. J. Alfidi, R. K. Gedgaudas-McClees, 
J. R. Thornbury, K. H. Vydareny, J. H. Thrall, chairman 
Nominating: G. A. W. Gooding, L. F. Rogers, K. H. 
Vydareny, chairman 

Publications: E. Buonocore, C. A. Rohrmann, Jr., R. J. Stan- 
ley, R. I. White, W. J. Casarella, chairman 


Membership: J. E. Madewell, A. A. Moss, K. H. Vydareny, R. 
J. Alfidi, chairman 


Representatives to Other Organizations 


American Board of Radiology: J. A. Kirkpatrick, Jr., E. C. 
Klatte, L. F. Rogers 

American College of Radiology: J. M. Dennis, R. A. Gag- 
liardi, J. E. Madewell, B. L. McClennan, R. J. Stanley 
American Medical Association: S. F. Ochsner, delegate; K. 
L. Krabbenhoft, altemate; K. L. Kidd, CPT Advisory Committee 


American National Standards institute: M. E. Haskin 


National Council on Radiation Protection and Measure- 
ments: F. Miraldi, E. L. Saenger 


Armed Forces Institute of Pathology: J. E. Madewell 


Meeting Arrangements 


Annual Meetings: May 5-10, 1991, Sheraton Boston, Bos- 
ton; May 10-15, 1992, Marriott's World Center, Orlando, FL 


Annual Meeting Committee: H.C. Carlson, J. K. Crowe, N. 
R. Dunnick, R. R. Lukin, R. J. Stanley, R. D. Steele, Jr., A. M. 
Landry, Jr., chairman 


Instructional Courses: R. J. Stanley, chairman 


Scientific Program: R. J. Alfidi, E. Buonocore, D. O. Davis, 
K. B. Hunter, T. C. McLoud, W. A. Murphy, Jr., A. E. Robin- 
son, L. B. Talner, J. H. Thrall, J. A. Kirkpatrick, chairman 


Scientific Exhibits: J. R. Haaga, R. G. Ramsey, N. R. Dun- 
nick, chairman 


ARRS Membership 


An application form is printed in this issue of the Journal. 
For consideration at the 1991 ARRS meeting, send completed 
forms before February 1, 1991, to American Roentgen Ray 
Society, 1891 Preston White Dr., Reston, VA 22091. Active 
members are graduates of an approved medical or osteo- 
pathic school or hold an advanced degree in an allied science. 
They must practice radiology or work in an associated science 
in the United States or Canada and be certified by the Amer- 
ican Board of Radiology, American Osteopathic Board of 
Radiology, or Royal College of Physicians of Canada or 
otherwise adequately document training and credentials. Cor- 
responding members are foreign radiologists or scientists who 
are active in radiology or an allied science. Members-in- 
training are residents or fellows in radiology or postgraduate 
students in an allied science. Additional application forms can 
be obtained from the ARRS offices in Reston, VA. 


Business Office 


Paul Fullagar, Executive Director, American Roentgen Ray 
Society, 1891 Preston White Dr., Reston, VA 22091; (703) 
648-8900. 
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Information and Application for Membership in the 
American Roentgen Ray Society | 


General Information 


The American Roentgen Ray Society, founded in 1900, has been a forum for progress in radiology since shortly after the discovery of X-rays. 
From its beginning and continuing to today, the ARRS has been guided by dedication to the goal of the advancement of medicine through the 
science of radiology and its allied sciences. 

The goal of the ARRS is maintained through an annual scientific and educational meeting, and through publication of the American Journal of 
Roentgenology. 

The annual meeting consists of instructional courses, scientific sessions, a symposium, scientific exhibits, and commercial exhibits. A special 
categorical course is also offered. Category | CME credits are available on an hour-for-hour basis. 


The monthly American Journal of Roentgenology is a highly respected peer review journal with a worldwide subscription base. For over 75 
years the AJR has been accepted as one of the best specialty journals available in the world, and this reputation grows each month. 


A recently developed quarterly ARRS newsletter keeps members informed of events and general Society news. 


Application Instructions 


Candidates for Active Membership 


1. An Active member must be a graduate of an approved medical school or hold an advanced degree in one of the physical, chemical or 
biological sciences and be certified by the American Board of Radiology, the American Osteopathic Board of Radiology, the Royal College 
of Physicians of Canada, or document training and credentials that are adequate to qualify for membership. Active members shail actively 
practice radiology or one of its branches in the United States or Canada. Such members are eligible to participate in all activities of the 
Society, including membership on committees, and have full voting privileges. 

2. Application must be on an official form, signed by the applicant and at least two members of the American Roentgen Ray Society, active or 
emeritus, in good standing, who endorse the applicant. 


3. Application fee is $50 (payable when billed for dues). 


4. Annual dues are $125, payable on January 1 of each year following the initial year. First year dues will be invoiced following candidate 
election at the annual meeting. Of this amount, $50 is for a 1-year subscription to the American Journal of Roentgenofogy, beginning with 
the July issue following election to membership. 


5. Application must be received by February 1 for action during the current year’s meeting. 


Candidates for In-Training Membership 


1. In-training members must be serving in a radiology residency program approved by the Radiology Residency Review Committee, the 
American Osteopathic Board of Radiology, or the Royal College of Physicians of Canada, or in an approved post-residency fellowship, or 
be a postgraduate student in an allied science. Training status must be verified by the program director. In-training members have special 
consideration in fees and subscription rates to the Society journal. Such members cannot hold Society offices or vote. 


2. Application must be on an official form and signed by the applicant and by the applicant’s training or residency program director. 


3. in-training status is limited to a maximum of five years starting with the entrance date into the radiology residency. in the last year, each in- 
training member will receive an application for active membership from the Society. Those who do not apply for transfer to active membership 
shall be dropped from membership at the end of the fifth year, but can later apply as a new member through the process outlined for active 
status. 

4. There is no application fee. Annual dues are $25. Membership includes a subscription to the American Journal of Roentgenology and 
admission to the annual meeting without payment of the registration fee. 


5. Membership applications will be acted on when received. 


Corresponding Membership 


A corresponding member must meet the qualifications of active membership, but reside and practice in a foreign country. Corresponding 
members shall pay dues and fees, but shall not have the privileges of voting nor of holding elective office. 


All Applicants 


1. Do not remit application fee or dues until requested. 

2. Send completed forms to: American Roentgen Ray Society 
1891 Preston White Drive 
Reston, Virginia 22091 








For ARRS 


Office Use AMERICAN ROENTGEN RAY SOCIETY 
Date Rec'd —____ APPLICATION FOR MEMBERSHIP 


LD# 








Date rem a Category of Membership: O Active 
(Check One) O Corresponding 
O In-Training 
Name (Please Print) EE Degree(s) 
First Initial Last 
Mailing Address Pon a a a aaa  Date‘of Birth 
Street/Box 
Telephone ( ) 
City/State/Country Zip Code 





A. Education: (List name of institution, years attended, and degree and type received.) 


Undergraduate: 


Graduate (Medical School, Graduate School, etc.): 


Postgraduate (Internship, Residency, Fellowship, etc.): 


B. Licensure: 


Licensed to practice _.. i Since 
(Type) (State, Province, etc.) 





C. Appointments/Memberships: (in-Training applicants: skip to Section F on reverse.) 


Present Appointments: Academic 
Hospitals 

Memberships in Scientific Societies: 

Offices or Committee Assignments: 


Government Service (Military or Civilian) 


D. Credentials: 


| hereby certify that | was issued a certificate of qualification in 
(Specialty) 


INpco eee ea D e 
(Year) (Name of Qualifying Board) 


Other Credentials: 


Signature: 


E. References: 


We, active or emeritus members in good standing of the American Roentgen Ray Society, and acquainted witt 
applicant, do recommend him/her for membership in the Society. (Two references are required.) 


Name (Please Print) 1. 060002=—S es u 2 

Address 

Signatures: 

F. IN-TRAINING APPLICANTS MUST COMPLETE THIS SECTION 
Credentials: 
| certify that | am serving as a Resident/Fellow in 
(Specialty) 
ati «Date program began (begins): 
(Name of Institution) 

date program to end: —__-_ssSSSSSSFSF.sd understand that in-training membership is limited 


maximum of 5 years. 


Applicant Signature: 
Verification: (Program Director or Department Chairman only) 


| certify that the applicant is in training at the institution named and qualifies for enrollment as a member-in-trair 
of the American Roentgen Ray Society. 


Name (Please Print) 


Address: 


Signature 





Send camoleted form to: American Roentaen Rav Societv 


Classified Advertisements 


Positions Available 


DIAGNOSTIC RADIOLOGISTS—Progressive, 
7-person radiology group on Gulf coast of south- 
west Florida covering 2 private offices and a 
400-bed, acute-care hospital with CT, MRI, inter- 
ventional, and all aspects of diagnostic radiology, 
will assume coverage of a second, newly con- 
structed, smaller hospital in the near future. We 
are seeking 2 additional radiologists ~ 1 to begin 
immediately and the second to begin July 1991. 
Preference will be given to those applicants with 
fellowship training. Position offers excellent salary, 
vacation benefits, and eventual partnership. For 
further detaiis and information, contact Roberta 
Hernley, Practice Manager, Radiology Regional 
Center, 3680 Broadway, Fort Myers, FL 33901; 
(813) 936-2316. 7-9ap 


DIAGNOSTIC RADIOLOGIST—Board-certified/ 
eligible radiologist with expertise in CT, ultra- 
sound, nuclear medicine, mammography, angi- 
ography, and MRI needed to join group of 4 
board-certified radiologists. Hospital-based prac- 
tice in acute-care, 300-bed hospital with high risk 
OB and neonatal ICU. Excellent relationship with 
hospital administration. Annual volume, 85,000 
exams. State-of-the-art equipment including Sie- 
mens Hi-Q CT, 2 Acuson 128 ultrasound units, 
and SPECT. Siemens 1.5-T MRI being installed. 
Pleasant living area, within 4-hr drive from ski/ 
mountain areas of New Mexico and Colorado, 
draws from regional patient population of 350,000. 
Generous salary and benefits leading to early 
partnership. Contact Gayle H. Bickers, M.D., 
P.O. Box 3460, Amarillo, TX 79116-3460; 
(806) 378-4708. 7-12ap 


SIX-PERSON, WELL-ESTABLISHED GROUP 
OF RADIOLOGISTS in western Pennsylvania 
seeks well-qualified, board-certified radiologist. 
Large hospital practice. Group owns CT scanner, 
plus new free-standing MAI installation. Partner- 
ship. Good opportunity for the right candidate. 
Contact William B. McAvoy, M.D., XUN Diagnostic 
Associates, 500 Hospital Way, McKeesport, PA 
15132. 7ap 


CHAIRMAN, DEPT. OF RADIOLOGY—Nassau 
County Medical Center, a 615-bed hospital and 
major teaching affiliate of SUNY/Stony Brook, 
seeks a full-time Chairman for its Dept. of Radi- 
ology. Candidate must be board-certified and 
eligible for SUNY faculty appointment at the level 
of professor. At least 3 yr of experience is required 
in all areas of clinical radiology, research, and 
administration, as are the ability and qualifications 
to manage a residency training program. Send CV 
to Bruce P. Meinhard, M.D., Chairman, Dept. of 
Orthopedics, Nassau County Medical Center, 
2201 Hempstead Tpke., East Meadow, NY 11554. 
Equal opportunity employer. 7-8a 


THE UCLA DEPT. OF RADIOLOGICAL SCI- 
ENCES is seeking an experienced diagnostic 
radiologist for the position of chief of emergency 
radiology. Candidates must have a strong interest 
in teaching, patient care, and radiologic quality 
assurance. Must be ABR-certified and licensed to 
practice in California. interest in clinical research 
is desirable. Send CV to Hooshang Kangarioo, 
M.D., Chairman, Dept. of Radiological Sciences, 
UCLA School of Medicine, Los Angeles, CA 
90024-1721. EO/AA employer. 7~9a 


IMMEDIATE OPENING FOR BOARD-CERTIFIED 
DIAGNOSTIC RADIOLOGIST to join a 3-member 
group in desirable north Dallas location. Must 
have expertise in all aspects of diagnostic radi- 
ology including angiography and MRI. Hospital 
and outpatient office practice. Salary commen- 
surate with experience. Serious inquiries only. 
Send CV to Jeffrey Kam, M.D., 11617 N. Central 
Expressway, Ste. 132, Dallas, TX 75243. 7-12ap 


ASSISTANT/ASSOCIATE PROFESSOR OF 
RADIOLOGY IN RESIDENCE, UNIVERSITY OF 
CALIFORNIA, SAN FRANCISCO — UCSF is 
seeking an ultrasound radiologist for San Fran- 
cisco General Hospital (1 of 3 core affiliated teach- 
ing hospitals). The candidate will be appointed at 
the level of assistant or associate professor of 
radiology depending on qualifications. Responsi- 
bilities include clinical service, teaching, and 
research. Candidate will teach sonography to 
residents and medical students, and participate 
in research in sonography, diagnostic radiology, 
CT, and MRI. Requirements are fellowship train- 
ing in sonography that includes high risk obste- 
trics (or equivalent from faculty experience at 
another university); experience in CT, interven- 
tional procedures, and angiography; research and 
teaching experience in sonography; board certifi- 
cation; and a California medical license. UCSF is 
an equal opportunity/affirmative action employer. 
Minority groups, women, and handicapped indi- 
viduals are encouraged to apply. Send CV to 
Roy A. Filly, M.D., Vice-Chairman, Dept. of Radi- 
ology, UCSF, San Francisco, CA 94143-0628. 7a 


GI AND GU RADIOLOGISTS—The Dept. of Radi- 
ology at Baylor College of Medicine is seeking 2 
general radiologists, one with interest and exper- 
ience in gastrointestinal radiology and the other 
in genitourinary radiology. These positions are 
available immediately and will include clinical and 
teaching responsibilities in the Ben Taub General 
Hospital, a new replacement, 550-bed, acute- and 
tertiary-care facility. New radiographic equipment 
in the hospital includes 5 R/F rooms, 4 linear 
tomographic rooms, 2 CT (GE 9800 Quick), and 
1.5-T MRI (to be installed December 1990). Candi- 
dates should be certified or eligible for certifica- 
tion by the American Board of Radiology and be 
eligible for a Texas medical license. Preference 
will be given to applicants who also have current 
experience in nuclear medicine and are eligible 
for Texas nuclear medical license. Previous clin- 
ical experience in an academic institution, as well 
as demonstrated teaching abilities, is desirable. 
Academic rank and salary commensurate with 
qualifications. Submit CV to Alfred B. Watson, Jr., 
M.D., Associate Professor and Vice Chairman, 
Dept. of Radiology, Baylor College of Medicine, 
One Baylor Plaza, Houston, TX 77030. FAX (713) 
798-3866. Baylor College of Medicine is an affir- 
mative action/equal opportunity employer. 7-9a 


MAINE—Board-certified radiologist with strong 
skills in R/F, CT, ultrasound, and mammography 
required. The 52-bed hospital is located in a 
beautiful, rural community 35 mi. from Bangor. 
Radiologist will be employed and supported by 
15-member, Bangor-based group. Partnership is 
offered after 3 yr. Liberal vacation, CME leave, 
and fringe benefits included. Contact Peter Hol- 
man, Administrator, Andrews, Lynch & Field, 
Radiologists, 276 State St., Bangor, ME 04401; 
(207) 945-6877. 7ap 


DIAGNOSTIC RADIOLOGIST needed July 1991 
to join an active, 3-person group in Brooksville, 
FL. This rapidly-expanding practice includes 2 
progressive hospitals (1 new in 1991) and a busy 
outpatient radiology practice in a medical com- 
plex. Applicants must have skills in ali phases of 
diagnostic radiology including MRI and interven- 
tional work. Package is competitive in terms of 
salary, benefits, future partnership, and enjoyable 
lifestyle. Brooksville is located on the west-central 
coast of Florida in Hernando County, 1 of the top 
5 fastest-growing counties in the nation for the 
past 6 yr. Brooksville is located 12 mi. east of the 
Gulf of Mexico, 45 mi. north of Tampa, and 65 mi. 
west of the Orlando/Disneyworld area. Applicants 
should send CV and other pertinent information to 
Hernando Radiology, PA, P.O. Box 1936, Brooks- 
ville, FL 34605-1936. 7-Sap 


DIAGNOSTIC RADIOLOGIST/TOLEDO, OH— 
Expanding, 20-radiologist, quality-oriented group 
seeks 2 board-certified general radiologists (no 
angio required). Group covers 850-bed tertiary 
hospital; 350-bed suburban hospital; 3 outpatient 
offices; and performs 225,000 exams/yr. All imag- 
ing modalities are represented. Will consider any 
high-quality applicant who can contribute to the 
group, although university training and/or exper- 
tise in a given area such as ultrasound, pediatric 
radiology, MR/CT, or GI radiology desirable. Posi- 
tion leads to equal partnership and combines 
excellent salary with very generous vacation time. 
All practice locations within 15 min of each other 
and are situated in an area of superb family- 
oriented living with excellent schools. Send CV to 
Drs. Keith Wilson or Dave Parker, The Romer 
Bidg., 3912 Sunforest Ct., Toledo, OH 43623; 
(419) 471-4438 (daytime). 7-10ap 


MAINE—Excellent opportunity for BC/BE, fellow- 
ship-trained radiologist in MAI or neuroradiology 
for general diagnostic position with progressive, 
well-established, small group. Live and work in 
college community in southern region close to 
coast, mountains, and lakes. Competitive compen- 
sation package leading to partnership. Affiliate 
with 200-bed, modern, community hospital. Send 
CV to New England Health Search, 63 Forest 
Ave., Orono, ME 04473; (207) 866-5680 or (207) 
866-5685. 7-10ap 


CHIEF RADIOLOGIST—The Dept. of Radiology 
of the University of Southern California is expand- 
ing and seeks a Chief of Radiology for a new 
275+ bed University Hospital opening in the 
spring of 1991. Individual must be an experienced 
clinical radiologist with academic and administra- 
tive credentials. Candidates must be licensed in 
California and certified by the American Board of 
Radiology. Salary and academic appointment 
dependent on qualifications. Inquiries with CV 
should be directed to James M. Hails, M.D., 
Chairman, Dept. of Radiology, University of 
Southern California School of Medicine, Box 329, 
1200 N. State St., Los Angeles, CA 90033. An 
equal opportunity/affirmative action employer. 
7-8ap 


PHYSICIAN/RADIOLOGIST—Large radiology 
group with multiple private offices seeks a board- 
certified radiologist interested in a full-time posi- 
tion. Responsibilities include general radiography. 
Special training in CT, ultrasound, and nuclear 
medicine is desirable but not required. Desirable 
southern New Jersey location. Competitive salary 
and benefit package. Send CV to RABC, FO. Box 
729, Mt. Holly, NJ 08060. 7a 


PHYSICIAN/RADIOLOGIST—Large radiology 
group with 2 hospitals and multiple private offices 
with state-of-the-art equipment seeks a radiologist 
who is board-certified in nuclear medicine. Com- 
petitive salary and benefit package. Send CV to 
Radiology Associates of Burlington County, PA., 
175 Madison Ave., Mt. Holly, NJ 08060. 7a 


COLUMBUS, OH—Large (31-radiologist), growing, 
well-diversified group seeks an additional board- 
certified diagnostic radiologist well-trained in 
general diagnostic radiology and, preferably, with 
fellowship training. Position leads to full-partner- 
ship without buy-in expense. Academic appoint- 
ment at OSU possible. Excellent opportunity. 
Send CV to Patrick Cain, M.D., 4040 Longhill Rd., 
Columbus, OH 43220. 7-9ap 


TEN-PERSON RADIOLOGY GROUP located in 
Corpus Christi is seeking a new associate to start 
July 1990 or as late as July 1991. Must be board- 
certified or eligible. Will perform all diagnostic 
studies, including interventional, CT, MRI, nuclear 
medicine, and ultrasound. Please send CV to 
Search Committee, PO. Box 5608, Corpus Christi, 
TX 78465-5608. 7ap 
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CHAIRPERSON, DEPT. OF RADIOLOGY—Mor- 
ristown Memorial Hospital, a Columbia University 
affiliated hospital in suburban New Jersey is seek- 
ing a board-certified radiologist to chair a pro- 
gressive radiology dept. and serve as the director 
of the residency program. Experience in an aca- 
demic teaching institution and subspecialty train- 
ing desirable. A faculty appointment at Columbia 
University College of Physicians and Surgeons is 
associated with the appointment. Contact Search 
Committee MMH, c/o Philip O. Alderson, M.D., 
Dept. of Radiology, Columbia-Presbyterian Medi- 
cal Center, 622 W. 168th St., New York, NY 10032; 
(212) 305-8994. Morristown Memorial Hospital 
and Columbia University are affirmative action/ 
equal opportunity employers. 7a 


ASSISTANT PROFESSOR OF RADIOLOGY IN 
RESIDENCE, UNIVERSITY OF CALIFORNIA, 
SAN FRANCISCO—UCSF is seeking an assis- 
fant professor of radiology in residence skilled 
in all aspects of diagnostic imaging including 
thoracic imaging, CT, MRI, and interventional 
radiology, for San Francisco General Hospital 
(1 of 3 core affiliated teaching hospitals). Respon- 
sibilities include clinical service, teaching, and 
research. Requirements include fellowship train- 
ing in thoracic imaging and interventional radi- 
ology, experience in CT, MRI, thoracic imaging, 
and interventional procedures, board certification, 
and a California medical license. UCSF is an 
equal opportunity/affirmative action employer. 
Minority groups, women, and handicapped indi- 
viduals are encouraged to apply. Send CV to 
Hideyo Minagi, M.D., Professor of Radiology, San 
Francisco General Hospital, Dept. of Radiology, 
1001 Potrero Ave., San Francisco, CA 94110. 7a 


DIAGNOSTIC RADIOLOGIST with skills in CT, 
MR, interventional, ultrasound, and nuclear medi- 
cine to join group of 8 board-certified radiologists. 
Growing practice In eastern Washington. 200-bed 
hospital and 4 private offices. Long-term poten- 
tial of practice is excellent. Top-notch school 
system, including 3 first-rate universities. Excel- 
lent hunting, fishing, boating, and skiing. Contact 
L. E. Crecelius, M.D., N. 5901 Lidgerwood, Ste. 
18B, Spokane, WA 99207; (509) 482-2385. 7-12ap 


UTMB, GALVESTON, TX—The Dept. of Radi- 
ology of The University of Texas Medical Branch 
in Galveston has openings for persons trained 
and experienced in ultrasound, mammography, 
and abdominal imaging. The opportunity for 
academic advancement is great and benefits are 
generous. Salaries are competitive and living con- 
ditions are desirable. Interested persons should 
contact Melvyn H. Schreiber, M.D., Chairman, 
Dept. of Radiology, UTMB, Galveston, TX 77550; 
(409) 761-1823. UTMB is an equal opportunity 
M/FIHIV affirmative action employer. UTMB 
hires only those authorized to work in the United 
States. 7-12a 


THE DEPT. OF RADIOLOGY OF THE CHIL- 
DREN’S MEMORIAL HOSPITAL, CHICAGO, is 
seeking a pediatric radiologist. Children’s Memor- 
ial Hospital is a 265-bed facility, well-equipped 
with state-of-the-art MR, CT, ultrasound, and 
nuclear medicine equipment. Currently, there are 
10 attending radiologists in the dept. Applicants 
must be certified by the American Board of 
Radiology and have completed a fellowship in 
pediatric radiology. Duties include clinical ser- 
vices, teaching, and research. Children’s Memorial 
Hospital is affiliated with Northwestern University 
Medical School. Please send CV to Andrew K. 
Poznanski, M.D., Radiologist-in-Chief, Children’s 
Memorial Hospital, 2300 Children’s Plaza, Chi- 
cago, iL 60614. For inquiries, please call (312) 
880-3520. Children’s Memorial Hospital and 
Northwestern University are equal opportunity/ 
affirmative action employers. 7a 


CLASSIFIED ADVERTISEMENTS 


BC/BE DIAGNOSTIC RADIOLOGIST needed 
full-time for an outpatient radiology clinic. Non- 
invasive procedures including fluoroscopy, ultra- 
sound, and mammography. Our facility is centrally 
located in a N.E. Ohio city. Excellent competitive 
salary and fringe benefits. Salary negotiable. 
Please write to Box C19, AJR (see address this 
section). 7-10ap 


DIAGNOSTIC RADIOLOGISTS—Progressive 
3-member group in North Carolina Coastal Plain 
seeks 2 BC/BE radiologists. ACR-accredited prac- 
tice includes 350-bed, regional referral hospital, 
outpatient office, and women’s diagnostic center. 
State-of-the-art equipment. Excellent financial 
package. Send letter and CV to Box C13, AJR 
{see address this section). 7-12ap 


RADIOLOGY/AFFILIATE FACULTY—A major 
affiliate hospital of the Dept. of Radiology at the 
University of Minnesota has 1 full-time, non- 
tenure track position available in the neuroradi- 
ology/cardiovascular/interventional radiology sec- 
tion at the rank of assistant professor or associate 
professor beginning Aug. 1, 1990. At the assistant 
professor level, minimum requirements are board- 
certification in radiology and a minimum of 1 yr 
postresidency specialty training or experience in 
interventional radiology. Appointment at the rank 
of associate professor requires a minimum of 4-yr 
postresidency experience and a demonstrated 
record of research, publication, and teaching, in 
addition to the other qualifications listed for assis- 
tant professor status. Responsibilities will include 
all facets of interventional radiology as well as 
graduate and undergraduate medical instruction. 
Research performance will be strongly encour- 
aged and evaluated. Salary is negotiable and 
competitive, and is dependent on past scholarly 
productivity and post-M.D. experience. Applicants 
must be licensed or able to obtain a license to 
practice medicine in the state of Minnesota before 
appointment date. Applications will be accepted 
through July 31, 1990. Send letters to Donovan 
B. Reinke, M.D., Chief of Diagnostic Radiology 
Service, #114, Veterans Administration Medical 
Center, One Veterans Dr., Minneapolis, MN 55417. 
The University of Minnesota is an equal oppor- 
tunity educator and employer, and specifically 
invites and encourages applications from women 
and minorities. 7a 


GENERAL RADIOLOGIST (ER/TRAUMA 
INTEREST)—The University of California, Davis, 
Schoo! of Medicine has a faculty position avail- 
able in the Diagnostic Division of the Dept. of 
Radiology. Appointment will be at the assistant, 
associate, or full professor level. Candidates must 
be board-certified in diagnostic radiology, eligible 
for licensure in California, and have an academic 
and clinical background in general radiology, 
including ER/trauma. Please forward a CV, a 
letter outlining background and interests in teach- 
ing/research, and the names and addresses of 
5 references to C. John Rosenquist, M.D., Chair, 
Dept. of Radiology, University of California, Davis, 
2516 Stockton Bivd., Sacramento, CA 95817. This 
position will be “open until filled,’ but not later 
than Oct. 31, 1990. The University of California 
is an equal opportunity/affirmative action 
employer and encourages applications from 
members of minority groups and women. 6~7a 


VERMONT—Diagnostic radiologist to join busy 
practice affiliated with modern, 90-bed, acute-care 
hospital. In-house CT, new ultrasound, nuclear, 
mammography, and angiography capabilities. 
Beautiful 4-season recreational area. Lakeside 
community 10 mi. from skiing. Competitive first- 
yr. compensation leading to early partnership. 
Send CV to New England Health Search, 
63 Forest Ave., Orono, ME 04473; (207) 866-5680 
or (207) 866-5685. 6-7ap 


AJR:155, July 1990 


FACULTY ULTRASOUND RADIOLOGIST, 
THOMAS JEFFERSON UNIVERSITY HOSPITAL 
Jefferson's Dept. of Radiology wishes to recruit 
a faculty radiologist to work in our division of 
diagnostic ultrasound. Candidates at all levels will 
be considered. This division is housed in 1 of the 
largest and best equipped facilities in the world 
and is extensively involved in the full range of 
ultrasound studies including obstetrical, vascular, 
echocardiography, invasive, endoluminal, and 
both biliary and kidney stone lithotripsy. A new 
outpatient ultrasound facility is under construc- 
tion adjacent to the main campus. The position 
provides excellent salary and benefits, protected 
research time each wk, and an opportunity to 
become associated with 1 of the most academ- 
ically productive ultrasound groups anywhere. 
Interested individuals should contact either Barry 
Goldberg, M.D. (Director of Ultrasound), or David 
C. Levin, M.D. (Dept. Chairman), at the Dept. of 
Radiology, Thomas Jefferson University Hospital, 
Philadelphia, PA 19107. Jefferson is an equal 
opportunity/affirmative action employer. 7xa 


IMMEDIATE OPENING - BOSTON SUBURBAN 
RADIOLOGY GROUP—300-bed, university-affili- 
ated, community hospital seeks partner with skills 
or experience in all modalities. Send CV to 
Box B2, AJR (see address this section). 6-8ap 


CHIEF, PULMONARY RADIOLOGY—The Univer- 
sity of California, Davis, School of Medicine has 
a faculty position available in the Diagnostic Divi- 
sion of the Dept. of Radiology. Appointment will 
be at the assistant, associate, or full professor 
level. Candidates must be board-certified in 
diagnostic radiology, eligible for licensure in 
California, and have an academic and clinical 
background in pulmonary radiology, with an 
interest in CT, interventional radiology, and MRI. 
Please forward a CV, a letter outlining background 
and interests in teaching/research, and the 
names and addresses of 5 references to C. John 
Rosenquist, M.D., Chair, Dept. of Radiology, 
University of California, Davis, 2516 Stockton 
Blvd., Sacramento, CA 95817. This position will 
be “open until filled,” but not later than Oct. 31, 
1990. The University of California is an equal 
opportunity/affirmative action employer and 
encourages applications from members of minor- 
ity groups and women. 6-7a 


DARTMOUTH-HITCHCOCK MEDICAL CENTER 
is seeking a BC/BE radiologist to be part of a 
community-based hospital practice undergoing 
rapid growth. All modalities except angio; approx. 
10,000 exams/yr. Will be part of multispecialty 
group at a teaching hospital 40 mi. away. Cover- 
age provided for meetings, vacation, and rotation 
through parent dept. Unlimited recreational 
opportunities in college town with nearby lakes 
and mountains. Competitive benefits and salary. 
Write to Harte C. Crow, M.D., Dept. of Radiology, 
Dartmouth-Hitchcock Medical Center, 2 Maynard 
St., Hanover, NH 03756. AA/EEO. 6-8a 


MARY HITCHCOCK MEMORIAL HOSPITAL is 
seeking a permanent, BC/BE, interventional 
radiologist to be a member of a 200-physician, 
academic multispecialty group that forms the 
clinical faculty of Dartmouth Medical School. 
Hospital has 400 beds and 80 radiology dept. per- 
sonnel. 50,000 inpatient and 45,000 outpatient 
exams are performed per yr. Dept. consists of 13 
staff and 9 resident radiologists with full range of 
modern radiolegic practice. Position entails the 
responsibility for a full spectrum of invasive and 
interventiona! procedures with 3 other radiolo- 
gists. Vigorous interest in teaching essential, 
research interest highly desirable. Write to P. K. 
Spiegel, M.D., Dept. of Radiology, Dartmouth- 
Hitchcock Medical Center, 2 Maynard St., Han- 
over, NH 03756. AA/EEO. 6~8a 


AJR:155, July 1990 


HOSPITAL/PRIVATE OFFICE DIAGNOSTIC 
RADIOLOGISTS—Excellent opportunity in well- 
established Rhode Island practice for general 
radiologist. Prefer experience or interest in neuro- 
radiology or interventional procedures. Reply to 
Box B4, AJR (see address this section). 6-9ap 


THE DEPT. OF RADIOLOGY, VIRGINIA COM- 
MONWEALTH UNIVERSITY/MEDICAL COL- 
LEGE OF VIRGINIA (VCU/MCV) AND THE 
MCGUIRE VA MEDICAL CENTER, RICHMOND, 
VA seek faculty for positions in diagnostic radi- 
ology (chest, Gi, mammography, CT/ultrasound/ 
MR, neuroradiology, pediatrics, ER, angio/inter- 
ventional, and general), and nuclear medicine. 
MCV is a 1058-bed facility (205 for pediatric 
patients) and is a Level 1 trauma center. The 
McGuire VAMC is an 800-bed facility (pediatrics 
excluded). ABR certification or eligibility required. 
Academic rank and salary commensurate with 
experience. For position description or to submit 
CV, write A. V. Proto, M.D., Dept. of Radiology, 
MCV, Box 470, Richmond, VA 23298-0470; 
(804) 786-7212. VCU/MCV is an equal oppor- 
tunity/affirmative action employer. Women and 
minorities are encouraged to apply. 6-8a 


FLORIDA SUNCOAST RADIOLOGY GROUP 
seeks board-certified radiologist for unique 
employment opportunity. Have every other week 
and weekend (26 wk/yr) entirely off while pro- 
viding night and weekend night coverage during 
alternate weeks. Daytime and evenings are also 
free time during coverage weeks. Multiple 
modality skills including basic angiography are 
necessary. The opportunity. for extra daytime 
employment during off weeks is an option. Com- 
petitive salary, excellent benefits. Interested 
candidates should forward a CV to Radiology 
Practice, P.O. Box 17319, Tampa, FL 33682. 6-7a 


NEURORADIOLOGIST, BRIGHAM AND WOMEN’S 
HOSPITAL—The Dept. of Radiology at Brigham 
and Women’s Hospital/Harvard Medical School 
is seeking a neuroradiologist for a full-time aca- 
demic position. Research and teaching oppor- 
tunities are available. Candidate must be BC/ 
BE, with fellowship training in neuroradiology. 
Please send CV to B. Leonard Holman, M.D., 
Chairman, Dept. of Radiology, Brigham and 
Women's Hospital, 75 Francis St., Boston, MA 
02115. Brigham and Women's Hospital/Harvard 
Medical School is an affirmative action/equal 
opportunity educator and employer. 6-11a 


CHIEF RADIOLOGIST needed to fill retirement 
vacancy at county hospital in Oakland, CA, 20 
min. from downtown San Francisco. Highland 
General Hospital is a Level 2 trauma center and 
has residency programs in medicine, surgery, 
oral surgery, and emergency medicine. Addi- 
tionally, residents rotate from other teaching 
hospitals in orthopedic surgery and ophthal- 
mology. Currently radiology residents affiliated 
with the University of California at Davis rotate 
through East Bay hospitals including Highland 
General Hospital. Faculty appointment available 
for appropriate candidate. The dept. has 6.2 FTE 
radiologists and 50 technical and support staff. 
Nuclear medicine is a separate service. 66,000 
exams performed per annum. Ten radiographic 
rooms, 1 mammography room, 3 ultrasound 
machines (including Acuson 128 with Doppler), 
1 CT (Picker 1200SX), 1 angiography suite (Picker 
Digicon). Position available June 1991 and will be 
as an independent contractor to Alameda County. 
Attendant must be board-certified or have equi- 
valent certification, and possess or be able to 
obtain California licensure. Highland General 
Hospital is an EOE. Applications, including CV 
and references, to Medical Staff Office, Attn. 
Radiology Chairman Search Committee, 1411 E. 
Stst St., Oakland, CA 94602. 6-8a 


CLASSIFIED ADVERTISEMENTS 


MARY HITCHCOCK MEMORIAL HOSPITAL is 
seeking a permanent nuclear radiologist to be a 
member of a 200-physician, academic multi- 
specialty group that forms the clinical faculty of 
Dartmouth Medical School. 420-bed hospital. 
58,000 inpatient and 48,000 outpatient exams are 
performed per yr. Dept. consists of 13 staff and 
9 resident radiologists with a full range of modern 
radiologic practice. ABR/ABNM preferred, experi- 
ence in nuclear cardiology and SPECT essential. 
Interest in teaching is essential. Strong clinical 
orientation with research program developing with 
monoclonal antibody imaging. Will direct nuclear 
medicine equipment acquisitions for new medical 
center to be occupied in late 1991. Write to: 
Donald L. Herzberg, M.D., Dept. of Radiology, 
Dartmouth-Hitchcock Medical Center, 2 Maynard 
St., Hanover, NH 03756. AA/EEO. 6-8a 


ALASKA, ANCHORAGE/SITKA—Need public 
service-oriented diagnostic radiologists. Medical 
school loan repayment available. Excellent 
benefits. CT/some interventional. Contact: 
Ken Bartline, Alaska Area Native Health Service, 
250 Gambell Street, Anchorage, AK 99501; 
(907) 257-1457 collect. EOE. 6-10a 


CONNECTICUT—Immediate opening for BC/BE 
radiologist to join a group of 7 radiologists. Pro- 
ficiency in MRI preferred. Practice includes a 
435-bed, fully equipped, university-affiliated, com- 
munity hospital and a 47-physician, multispecialty 
clinic. Excellent salary and benefits leading to 
full partnership after second yr. For information, 
call or send CV to Paul C. Lakin, M.D., Dept. of 
Radiology, New Britain General Hospital, 100 
Grand St., New Britain, CT 06050. 6-Sap 


DIAGNOSTIC RADIOLOGIST/MUSCULOSKE- 
LETAL IMAGING—Yaie University School of 
Medicine, Yale-New Haven Medical Center, is 
seeking a board-eligible/certified radiologist for 
a full-time faculty appointment in musculoskeletal 
imaging. Academic rank is at a nontenured or 
tenured assistant/associate professor level, 
depending on qualifications. Clinical and research 
opportunities are in the areas of general ortho- 
pedic radiology, CT, MRI, arthrography, 3-D 
reconstruction, bone density analysis, and inter- 
ventional orthopedics. Additional areas of collab- 
oration include the Yale Sports Medical Center, 
Yale Metabolic Bone Center, and the Yale Bio- 
mechanics Laboratory. Please send inquiries 
along with CV to Jack P. Lawson, M.D., Dept. of 
Diagnostic Radiology, Yale University School of 
Medicine, 333 Cedar St., New Haven, CT 06510. 
Yale University is an equal opportunity/affirma- 
tive action employer; applications from women 
and minority group members are encouraged. 
Application deadline is Aug. 15, 1990. 6~7a 


DIAGNOSTIC RADIOLOGIST/MAMMOGRAPHY 
Yale University School of Medicine, Yale-New 
Haven Medica! Center, is seeking a board-eligible/ 
certified radiologist with additional experience or 
training in mammography for a full-time faculty 
appointment. The Mammography Section per- 
forms approximately 900 screening mammo- 
grams, 200 diagnostic mammograms, and 20 
needle localization procedures per mo. The 
second also participates in ultrasound exams of 
the breast, including Doppler. The position also 
includes duties in other areas of diagnostic imag- 
ing. A strong interest in patient care, research, 
and teaching is required. Rank (nontenured or 
tenured) and salary are commensurate with 
experience. Please send inquiries along with 
current CV to Carol H. Lee, M.D., Dept. of Diag- 
nostic Radiology, Yale University School of Medi- 
cine, 333 Cedar St., New Haven, CT 06510. Yale 
University is an equal opportunity/affirmative 
action employer; applications from women and 
minority group members are encouraged. Appli- 
cation deadline is Aug. 15, 1990. 6~7a 
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‘FULL/PART-TIME BC/BE RADIOLOGIST wanted 
for 187-bed GM&S VA Medical Center. Excellent 
GE equipment, duplex Doppler ultrasound, diag- 
nostic, and fluroscopic. CT interpretation desir- 
able. 18,000 procedures/yr. State university city 
amid hills and lakes in northwest Arkansas with 
cultural and recreational attractions. Competi- 
tive salary and excellent benefits/retirement. 
Call chief of staff; (501) 444-5050. 6-8a 


IMMEDIATE OPENING, PART-TIME, SUBUR- 
BAN BOSTON--300-bed, university-affiliated, 
community teaching hospital seeks BE/BC radi- 
ologist. Flexible hr. Send CV to Box B6, AJR (see 
address this section). 6-8ap 


IMMEDIATE OPENING—BC/BE neuroradiolo- 
gist to join medium-sized group in Austin, TX. 
Practice covers major trauma center and outpa- 
tient radiology facility. In addition to general 
diagnostic services, outpatient facility also pro- 
vides CT and MRI service on 2 GE 9800 scan- 
ners, GE 1.5-T, and 0.5-T MR units. Applicants 
are requested to contact Drs. Boyd, Gray, or 
Lava, 711 W. 38th St., Ste. B-8, Austin, TX 78705; 
(12) 454-8718, 6~11ap 


PACIFIC NORTHWEST, SEATTLE AREA — 
Board-certified radiologist needed to join 
dynamic growing practice at 4 breast and ultra- 
sound diagnostic centers. Mammography and/ 
or ultrasound experience desirable. Average 412 
days/wk. 8-9 mo/yr. NO NIGHT CALL. Attractive 
salary. All inquiries strictly confidential. Send 
letter or CV to Irwin Schiller, D.O., or Marita 
Achenson, M.D., Breast Diagnostic Center, 411 
Strander Bivd. #303, Seattle, WA 98188; 
(206) 575-9123. 6-7ap 


IMMEDIATE, UNEXPECTED OPENING for B/C, 
recently trained diagnostic radiologist, preferably 
with fellowship experience. Busy, 4-member, 
hospital-based practice in beautiful university 
town in central PA, home of Penn State Univer- 
sity, seeks fifth radiologist. All modalities includ- 
ing mobile MRI, fixed MRI planned. Excellent 
salary and benefits leading to early partnership. 
Send CV with references to R.A. Rockower, 
M.D., Centre Community Hospital, 1800 E. Park 
Ave., State College, PA 16803; (814) 234-6197. 
6-8ap 


OPENING FOR BC/BE GENERAL RADIOLO- 
GIST with experience in interventional and vas- 
cular radiology to join a group of 4 radiologists 
for a 160-bed hospital located in Allentown, PA, 
about 60 mi. N.W. of Philadelphia. The daily 
Practice includes all aspects of general radi- 
ology, CT, ultrasound, and nuclear medicine. 
Please call or send CV to Asad Shohadai, M.D., 
Allentown Osteopathic Medical Center, 1736 Ham- 
ilton Street, Allentown, PA 18104; (215) 770-8700. 
7xa 


NEW ENGLAND—BC/BE diagnostic radiologist 
with expertise in ultrasound, CT, and mammog- 
raphy sought by 6-member office practice dept. 
in an established, rapidly expanding, multispe- 
cialty, prepaid, and FFS group practice. New 
imaging center. Physician owned and directed. 
Send CV to Medical Director, Fallon Clinic, Ine., 
630 Plantation St., Worcester, MA 01605. 6~7ap 


SUMMIT, NJ—Excellent opportunity for diag- 
nostic radiologist with special interest in mam- 
mography to join private-practice group of 13 
radiologists. University-affiliated, 600-bed com- 
munity hospital with a radiology residency, located 
in a pleasant suburban setting 25 mi. from New 
York City. State-of-the-art equipment including 
Acuson with color Doppler, Siemens Somatom 
Plus CT, and a 1.5-T Magnetom. Competitive 
salary leading to partnership. Please send CV to 
A. Salomon, M.D., 151 Summit Ave., Summit, NJ 
07901. 5-8ap 
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IMMEDIATE OPENING—-Four board-certified 
radiologists seek a 5th for a dynamic diagnostic 
and interventional practice in a multispecialty 
clinic attached to a 200-bed hospital. All imaging 
modalities are represented. Excellent benefit 
package includes health, fife, disability and 
malpractice insurance, profit-sharing plan, and 
continuing medical education. Fargo is on the 
Minnesota-North Dakota state line, 30 mi. from 
the Minnesota lake country, 250 mi. from both 
Minneapolis-St. Paul, MN, and Winnipeg, Can- 
ada. Contact Douglas Landers, M.D., Dakota 
Clinic, Ltd., RO. Box 6001, Fargo, ND 58108; 
(701) 280-3321. 5-10a 


NEURORADIOLOGIST—Immediate faculty open- 
ing for a fellowship-trained neuroradiologist to join 
an evolving neuroimaging center at the Univer- 
sity of Oklahoma Health Sciences Center, Okla- 
homa City, OK. Academic rank determined by 
previous experience. Salary and benefits are 
highly competitive. Strong commitment to teach- 
ing and research desired. Must be board-certified 
and eligible for senior membership in the ASNR. 
Send cover letter and CV to Don A. Wilson, M.D., 
MR Center of Oklahoma (BMR-10), P. O. Box 
26307, Oklahoma City, OK 73126. Affirmative 
action/equal opportunity employer. 5-10a 


CHALLENGING LOCUM TENENS POSITIONS 
AVAILABLE NOW—Work at your convenience, 
full- or part-time. Competitive compensation. No 
hassles, politics, or paperwork. Paid malpractice 
insurance, housing, and transportation. Put an 
experienced leader to work for you! Contact 
LOCUM Medical Group, 30100 Chagrin Bivd., 
Cleveland, OH 44124; (800) 752-5515. 5-10xa 


NORTHWEST WASHINGTON—Progressive, 7- 
person group seeks a BC radiologist preferably 
with a fellowship in body imaging or nuclear 
medicine. Complete imaging including CT, MR, 
angio/interventional, ultrasound, nuclear medi- 
cine, and mammography provided at 2 hospitals 
and 3 offices. Exceilent salary and benefits with 
potential for early partnership. Reply Box A13, 
AJR (see address this section). 5-7a 


NUCLEAR MEDICINE—Excelient opportunity for 
diagnostic radiologist with special interest in 
nuclear medicine, special competency preferred, 
to join private-practice group of 13 radiologists. 
University-affiliated, 600-bed community hospital 
with a radiology residency, located in a pleasant 
suburban setting 25 mi. from New York City. 
State-of-the-art equipment including Acuson with 
color Doppler, Siemens Somatom Pius CT, and 
15-T Magnetom. Competitive salary leading to 
partnership. Please send CV to A. Salomon, M.D., 
151 Summit Ave., Summit, NJ 07901. 5-8ap 


NEURORADIOLOGIST/MRI-—Two positions 
available; Fellowship training a necessity. Group 
of 7 radiologists seek BC colleague in multihos- 
pital practice. Must be capable as general diag- 
nostic radiologist as well. Position available July 
1990, Send letter and CV to Neel E. Bennett, M.D., 
Medical Director and Chairman, Dept. of Radiol- 
ogy, Holy Cross Hospital, 1050 E. South Temple, 
Salt Lake City, UT 84102; (801) 350-4636. 7xa 


NEURORADIOLOGIST—The University of Texas 
Health Science Center at San Antonio is seeking 
a qualified academic neuroradiologist to fill an 
immediate opening. Send cover letter and CV to 
John R. Jinkins, M.D., Director of Neuroradiology, 
The University of Texas Health Science Center, 
7703 Floyd Curl Dr., San Antonio, TX 78284-7800. 
3-8ap 

FULL-TIME BC RADIOLOGIST needed to staff 
outpatient women’s diagnostic center in suburban 
Dallas. Experience in mammography and OB/ 
GYN sonography preferred. No call responsibili- 
ties. Attractive compensation package. Send CV 
to Box Y56, AJA (see address this section). 7xa 


CLASSIFIED ADVERTISEMENTS 


RADIOLOGIST—BC/BE to join a group of 4 
radiologists at the university/county hospital 
complex in El Paso, TX. Should be skilled in all 
forms of imaging and general diagnostic radiology 
including pediatrics. The hospital is a major 
trauma center with a busy emergency room and 
obstetrical practice. The work is interesting and 
challenging. The candidate will have time for 
clinical research and will have the support of the 
Texas Tech School of Medicine, including a large 
library and complete audiovisual facilities. Com- 
pensation is negotiable depending on the candi- 
date’s qualifications and experience. El Paso is 
a city of 500,000 peopte with yr-round sunny and 
warm weather. Contact Lloyd K. Mark, M.D., Pro- 
fessor and Associate Chairman, Dept. of Radi- 
ology, Texas Tech University HSC, 4800 Alberta 
St., El Paso, TX 79905; (915) 545-6845. 5~7a 


SOUTHERN OREGON—Opportunity for BC/BE, 
general diagnostic radiologist to join group of 5 
board-certified radiologists. Experience in all 
modalities desired. Practice includes 2 hospitals 
and own private office. Competitive starting salary 
with early full partnership. Excellent lifestyle with 
many outdoor activities from Pacific Coast to 
Oregon Cascades. Send CV to Larry Strickland, 
Administrator, Roseburg Radiologists, PC., P. O. 
Box 1547, Roseburg, OR 97478. 5-10ap 


WANTED, JULY 1991—Young, outgoing, BC/BE 
general radiologist to work in 120-bed community 
medical center (1 of 2 Missoula, MT, hospitals) 
covered by 6-person group. We seek someone 
with special interest in ultrasound and mam- 
mography, but also experienced in angiography, 
CT, and MRI. Position leads to directorship of 
dept. in 3 yr. One yr to full partner income, 2 yr 
to full partnership. Missoula, in mountainous 
western Montana, is the home of the University 
of Montana and offers a progressive medical envi- 
ronment with over 150 physicians, as well as 
abundant recreational opportunities including 
skiing, fishing, hunting, and backpacking. Send 
CV to Missoula Radiology, inc., P. O. Box 2039, 
Missoula, MT 59806. 5-Sap 


BC DIAGNOSTIC RADIOLOGIST—Private office 
imaging center. Five-day work wk, no call. MRI 
(GE 15), CT (GE 9800), ultrasound, nuclear 
medicine, SPECT, mammography, routine radi- 
ography, and fluoroscopy. First yr salary and 
benefits, $175,000. Send CV to Desmond Fischer, 
M.D., 1801 McCallie Ave., Chattanooga, TN 
37404; (615) 622-7212. 5-8ap 


TWO BOARD-CERTIFIED/ELIGIBLE GENERAL 
DIAGNOSTIC RADIOLOGISTS to join expanding, 
11-person group covering 2 hospitals and 2 MR 
sites. Ideal private practice in a stable midwest 
community using all imaging modalities and inter- 
ventional techniques. Can start immediately or 
wait until July 1990. Excellent opportunity with 
excellent salary and benefits. Send CV to Joseph 
F. Norfray, M.D., MR Center of Springfield, 319 E. 
Madison, Springfield, IL 62701. 4~7ap 


DIAGNOSTIC RADIOLOGY, PACIFIC NORTH- 
WEST, MRI, CT AND ULTRASOUND—Progres- 
sive group of 4 radiologists seeks board-certified 
radiologist with subspecialty interest and exper- 
tise in MRI, CT, and ultrasound. Busy, dynamic 
practice in regional medical center hospital, pri- 
vately owned MRI center (presently mobile unit—- 
planning for fixed site in spring 1990), plus pri- 
vate outpatient office. Located in beautiful recre- 
ation area in the inland Northwest. World-class 
takes for boating and sailing. Excellent skiing, 
hunting, and fishing. Family-oriented environment 
30 min from Spokane. Competitive starting salary 
with full partnership in 1 yr. Send CV to Richard 
Hehn, M.D., Radiology Associates of North Idaho, 
1104 ironwood Dr, Coeur d'Alene, ID 83814; 
(208) 667-0686- 5-7ap 


AJR:185, July 1990 


ISRAEL, DIAGNOSTIC RADIOLOGY. Opportun- 
ities for 3-4 week or longer working vacations in 
a number of Israeli medical centers, on a volun- 
teer basis. Positions varied, arrangements flexi- 
ble. For information contact: Jonathan H. Fish, 
M.D., 1844 San Miguel Dr., #802, Walnut Creek, 
CA 94596; (415} 947-0560. 5-7xa 


NORTHERN CALIFORNIA / SAN FRANCISCO 
BAY AREA—The Permanente Medical Group is 
seeking a BC radiologist with multimodality inter- 
ests and fellowship training in MR or interven- 
tional radiology to join a 10-person group serving 
a 337-bed acute-care hospital and 2 outpatient 
clinics. Teaching opportunities are available with 
residents of subspecialty services on rotation from 
Stanford University Hospital and our own medical 
residents. We are currently siting a GE 1.5-T MRI 
system and installing a new LU arm. Competitive 
salary and excellent benefits. Please send inquir- 
ies and CV to Bruce Baker, M.D., Chief, Dept. of 
Radiology, Kaiser-Permanente Medical Center, 
900 Kiely Blvd., Santa Clara, CA 95051; 
(408) 236-4444. EOE. 5-7a 


DIAGNOSTIC RADIOLOGIST—BC/BE to join 2 
radiologists in 50-physician, multispecialty clinic. 
Fellowship in body imaging preferred. Practice 
includes general radiography, CT, ultrasound, 
MAI, and film-screen mammography. Excellent 
first yr salary leading to partnership. Send CV 
to Michael D. Lavine, M.D., 333 Dixie Hwy., 
Chicago Heights, IL 60411. 5~7ap 


MARYLAND-—The University of Maryland Medical 
System/Hospital in Baltimore is seeking addi- 
tional faculty members for the Sections of Pedi- 
atric Radiology, Chest Radiology, Ultrasound, 
Nuclear Medicine (ABNM required), Skeletal 
Radiology, Angio/Interventional Radiology, GI 
Radiology, Mammography, and Neuroradiology. 
Fellowship training or equivalent experience 
desired. ABR certification required. The medical 
center is an 800-bed, acute-care hospital and 
tertiary referral center with an active and varied 
practice. A new, 324-bed VA Hospital is now 
under construction and will be adjacent to and 
connected to the University. The duties of new 
faculty members will include research and teach- 
ing. Academic rank and salary commensurate 
with experience. The radiologists are organized 
as a professional corporation offering excellent 
fringe benefits. Baltimore is a superb place in 
which to live and work. It has ali the amenities 
of a large metropolitan center, yet is small enough 
to avoid most of the problems (traffic, inflated 
property values, etc.) of our largest cities. Wash- 
ington, Philadelphia, and New York are readily 
accessible, and it is only 3 hr from the ocean. 
Submit CV to Gerald S. Johnston, M.D., Dept. 
of Diagnostic Radiology, 22 S. Greene Street, 
Baltimore, MD 21201; (800) 866-8667, ext. 3477. 
Affirmative action/equal opportunity employer 
encourages applications from members of minor- 
ity groups. 7ap 


Positions Desired 


DIAGNOSTIC RADIOLOGIST—Dedicated, mature, 
board-certified radiologist seeks permanent part- 
time position in general diagnostic radiology in 
southeastern U.S. Experiences include Dept. 
Director. Skilled in general radiology, ultrasound, 
and mammography. Excellent references. Avail- 
able on short notification. Reply Box C11, AJR 
{see address this section). 7bp 

BOARD-CERTIFIED DIAGNOSTIC RADIOLO- 
GIST with MR fellowship training, extensive pri- 
vate practice, and academic experience desires 
partnership opportunity in metropolitan area. 


` On-site MRI a must. Academic affiliation desirable 


but not essential. Available July 1990. Reply Box 
C17, AJR (see address this section). 7bp 


AJR:155, July 1990 


JULY 1990 PGY-2 RADIOLOGY RESIDENCY 
POSITION SOUGHT—Current PGY-1 resident 
with training in CT, ultrasound, nuclear medicine, 
neuroradiology, and mammography desires posi- 
tion in accredited program. Transitional yr com- 
pleted in internal medicine. Reply Box C15, AJR 
{see address this section). 7bp 


JULY 1990 PGY-3 RADIOLOGY RESIDENCY 
SOUGHT— Current PGY-2 radiology resident 
seeking PGY-3 position. Have training in plain 
film, CT, ultrasound, nuclear medicine, and 
angiography. Reply to Box A9, AJR (see address 
this section). 5-7bp 


Fellowships and Residencies 


NEURORADIOLOGY FELLOWSHIP—The Dept. 
of Diagnostic Radiology at William Beaumont 
Hospital offers a 1-yr neuroradiology fellowship 
with a second yr optional for selected candidates. 
The dept. performs more than 220,000 exams/yr, 
including more than 3700 angjio/interventional 
procedures, 950 myelograms, 15,000 head and 
spine CT exams, and 4500 MR exams. State-of- 
the-art equipment includes 1.0-T Siemens Mag- 
netic Resonance Scanner; 4 CT scanners; 2 new 
angiography suites; biplane myelography suite; 
and Polytome Room. A second 1.5-T MR unit and 
a PET scanner will be operational in 1990. Excel- 
lent stipend and benefits, Eligible candidates 
must have compieted a diagnostic radiology resi- 
dency and be board-certified or eligible and have 
a Michigan medical license. Send inquiries to 
A. M. Wang, M.D., or D. Wesolowski, M.D., Co- 
Directors, Division of Neuroradiology, Dept. of 
Diagnostic Radiology, William Beaumont Hospital, 
3601 W. 13 Mile Rd.,.Royal Oak, MI 48073, 7~9c 


UNEXPECTED OPENING - FELLOWSHIP IN 
MAGNETIC RESONANCE IMAGING at Central 
Massachusetts Magnetic Imaging Center, July 
1990 through June 1991. CMMIC is a consortium 
of 3 area teaching hospitals including a univer- 
sity hospital with a mixture of clinical and research 
responsibilities, dedicated to furthering the appli- 
cations and addressing the educational require- 
ments of MRI. CMMIC currently uses 2 clinical 
1.5-T GE Signa systems capable of multifaceted 
imaging as well as a 2.0-T GE Fremont CSI 
research system. The fellowship will include 
thorough training in MRI physics, imaging prin- 
ciples, clinical applications, and image interpre- 
tation. Duties will include image interpretation of 
neuro, musculoskeletal, pediatric, and cardiac 
studies, daily supervision of scanning, teaching 
file maintenance, and participation in CMMIC’s 
numerous teaching and research responsibilities. 
Requirements include satisfactory completion of 
a 4yr accredited radiology training program and 
board eligibility or certification. Please send 
inquiries to Ronald Ragland, M.D., Medical Direc- 
tor, CMMIC, Inc., 367 Plantation St., Worcester, 
MA 01605. 7-8cp 


NUCLEAR MEDICINE RESIDENCY, JULY 1, 1990 
San Francisco General Hospital Medical Center, 
University of California, San Francisco, Program 
B, 2yr ACGME approved program satisfying 
American Board of Nuclear Medicine training 
requirements both in basic science and perform- 
ance/interpretation of imaging and non-imaging 
in vivo procedures, radioimmunoassay, and radio- 
nuclide therapy. Emphasis on SPECT, nuclear 
cardiology, use of computers. Prerequisite: 2 yr 
ACGME approved residency in internal medicine, 
pathology, pediatrics, or radiology. Send CV to 
Myron Pollycove, M.D., Chief, Nuclear Medicine 
Dept., San Francisco General Hospital Medical 
Center, San Francisco, CA 94110. Equal oppor- 
tunity/affirmative action employer. 7-8c 


CLASSIFIED ADVERTISEMENTS 


FELLOWSHIP IN MAMMOGRAPHY—The Emory 
University Dept. of Radiology offers a 6- or 12-mo 
fellowship in mammography. Approximately 17,006 
mammograms are performed annually through a 
600-bed university hospital, a 900-bed county 
hospital, and an outpatient clinic. Clinical acti- 
vities include extensive training in all aspects of 
mammography, breast ultrasound, stereotactic 
fine-needle aspirations, and biopsy. Candidates 
should be eligible for Georgia medical licensure. 
Contact Beth Kruse, M.D., Section of Radiology, 
The Breast Imaging Center, 1327 Clifton Rd., 
N.E., Atlanta, GA 30322; (404) 248-4446. Emory 
University is an equal opportunity/affirmative 
action employer. 7-10c 


CARDIOVASCULAR/INTERVENTIONAL RADIOL- 
OGY FELLOWSHIP, PENN STATE UNIVERSITY 
The Penn State University, Dept. of Radiology, 
offers 1- or 2-yr fellowships in cardiovascular/ 
interventional radiology, with a primary purpose 
of preparing graduates for academic careers in 
the subspecialty of CVA radiology. Fellows will 
receive training in all aspects of diagnostic and 
interventional angiography (including neuro and 
pulmonary angiography), percutaneous and 
combined percutaneous/peroral biliary interven- 
tions, genitourinary interventions, central and 
peripheral venography (with IVC filter place- 
ment), traumatic and oncological embolizations, 
foreign body retrievals, and complex biopsy and 
drainage procedures (under multiple imaging 
modalities). Clinical responsibility at the instruc- 
tor level is required, necessitating a Pennsyl- 
vania medical license, university hospital medical 
staff privileges, and ABR eligibility (at time of 
application) and certification (during first program 
yr). Independent original research is expected 
and is amply funded, both in time and money. 
The animal research facility at Penn State Uni- 
versity is one of the finest facilities of its kind in 
the country and is coupled with a dedicated MR 
research facility with angiographic and spectro- 
scopic capability. Both research facilities are 
staffed by fulltime research associates and 
research faculty, and are equipped with modern 
State-of-the-art equipment. The fellowship is 
open to individuals who have completed an 
accredited residency program in radiology, can 
obtain a Pennsyivania medical license, and have 
fulfilled ABR requirements for board-certification 
or eligibility. A generous competitive salary and 
benefits package are offered. Academic, biopho- 
tographic, and secretarial support aré also pro- 
vided. Applicants should respond as soon as 
possible with a letter of interest and current CV. 
Please direct inquiries and requests for applica- 
tion forms to John F. Cardelfa, M.D., Associate 
Professor and Chief, Cardiovascular/Interven- 
tional Radiology Section, Penn State University/ 
Hershey Medical Center, Box 850, Hershey, PA 
17033. Penn State University is an affirmative 
action, equal opportunity employer, and speci- 
fically encourages applications from women and 
minorities. 7c 


FELLOWSHIP IN MUSCULOSKELETAL RADI- 
OLOGY — The Emory University, Dept. of Radi- 
ology, offers a 1-yr fellowship in musculoskeletal 
radiology starting July 1, 1991. Clinical activities 
include MRI, CT, needle biopsies, arthrography, 
and QCT. The musculoskeletal section is staffed 
by 3 full-time radiologists. Experience includes 
a wide range of musculoskeletal disease and 
trauma through a 600-bed university hospital, 
a 900-bed county hospital, a 160-bed pediatric 
hospital, and 2 outpatient clinics. Candidates 
should be eligible for Georgia medical licensure. 
Contact Terry M. Hudson, M.D., Section of Radi- 
ology, The Emory Clinic, 1365 Clifton Rd., N.E., 
Atlanta, GA 30322; (404) 248-4354 or (404) 
248-5834. Emory University is an equal oppor- 
tunity/affirmative action employer. 6~9cp 
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FELLOWSHIPS AT THOMAS JEFFERSON UNI- 
VERSITY HOSPITAL—The Dept. of Radiology at 
Thomas Jefferson University Hospital in Phila- 
delphia offers the following fellowship programs 
each yr. Ultrasound/CT/MRIi—Jefferson has 1 of 
the largest and most modern ultrasound facilities 
in the world, performing 40,000 exams of all types 
per yr. This includes obstetrical, vascular, litho- 
tripsy, invasive, endoluminal, etc. We also operate 
3 CT scanners and 4 GE 1.5-T MRI units. Con- 
tact Barry Goldberg, M.D., regarding this pro- 
gram. Cardiovascular/interventional—This division 
is housed in a new suite with state-of-the-art 
Philips units with digital subtraction anglography, 
and performs the full range of both vascular and 
nonvascular interventional procedures. Contact 
Geoffrey Gardiner, Jr., M.D. Neuro/ENT radiology 
—Very active clinical services supply a wealth 
of material to this division, which is housed in 
a Neurosciences Imaging Center containing all 
imaging modalities in a single comprehensive 
facility. Contact Carlos Gonzalez, M.D. Chest/ 
breast imaging—Jefferson’s new Breast Imaging 
Center performs approximately 85 studies/day. 
Contact Stephen Feig, M.D., or Robert Steiner, 
M.D. MRI—This is a dedicated body MRI program 
and includes excellent research opportunities, 
in addition to a large clinical caseload. Contact 
Matthew Rifkin, M.D. Musculoskeletal—This pro- 
gram includes MRI of the musculoskeletal sys- 
tem. Contact David Karasick, M.D. All program 
directors listed above can be contacted at the 
Dept. of Radiclogy, Thomas Jefferson University 
Hospital, Philadelphia, PA 19107. Jefferson is an 
equal opportunity/affirmative action employer. 7xc 


BODY IMAGING FELLOWSHIP JULY 1990—CT/ 
ultrasound/MARI. Clinical and research activities 
in all areas tailored to the fellow’s and dept. goals. 
Should have interest in teaching and research. 
GE 9800 CT, GE 1.5-T Signa MRI, Acuson and 
Diasonics ultrasound. Full resident complement. 
Four body-imaging faculty. Send CV to Fred W. 
Flickinger, M.D., Body Imaging Section, Dept. of 
Radiology, Medicai College of Georgia, 1120 15th 
Street, Augusta, GA 30912-3900. 5-7c 


NEURORADIOLOGY FELLOWSHIP, THOMAS 
JEFFERSON UNIVERSITY HOSPITAL — An 
unexpected opening for a neuroradiology fellow 
is available in the Dept. of Radiology at Thomas 
Jefferson University Hospital, beginning July 
1990. The Division of Neuroradiology has close 
clinical and research relationships with Jeffer- 
son's very active neurology, neurosurgery, ortho- 
pedic surgery, and otolaryngology departments. 
Complete training in ENT radiology is part of this 
program. Five full-time faculty members currently 
staff this division. Clinica! facilities include 2 
dedicated CT scanners, a myelography room, a 
biplane angiography room with DSA, and a GE 
1.5-T MAI unit. Two more MRI units will be opera- 
tional by the summer of 1890. Contact Carlos 
Gonzalez, M.D., Director of Neuroradiology, 
1009 Main Bldg., Thomas Jefferson University 
Hospital, Philadelphia, PA 19107; (215) 928-5447, 
Jefferson is an affirmative action/equal oppor- 
tunity employer. 7xc 


THE UNIVERSITY OF PITTSBURGH offers 
fellowships in angiography/interventional radiol- 
ogy, abdominal imaging (CT/ultrasound/MRI), 
neuroradiology, pediatric radiology, and MRI. 
Positions in all of these areas are available to 
begin July 1991. A fellowship position in pediatric 
radiology and one in abdominal imaging are also 
available to begin July 1990. Interested applicants 
should send letters of inquiry and CV to Lawrence 
A. Cooperstein, M.D., Dept. of Radiology, Pres- 
byterian-University Hospital, DeSoto and O’Hara 
Sts., Pittsburgh, PA 15213. 3~7cp 
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BODY IMAGING FELLOWSHIPS—One yr. begin- 
ning July 1, 1990, and July 1, 1991. Emphasis on 
ultrasound (including high-risk obstetrics). Vas- 
cular dab (full range of procedures), and body CT: 
limited volume of MRI. Excellent location. If inter- 
ested, please contact by phone or mail .CV to 
William J. Zwiebel, M.D., Director of Ultrasound 
and CT, Dept. of Radiology, University of Utah 
Medical Center, 50 N. Medical Drive, Salt Lake 
City, UT 84132; (801) 581-8188. 6~7cp. 


FELLOWSHIPS IN PEDIATRIC RADIOLOGY, 
JULY 1991—The Dept. of Radiology, Children’s 
Hospital Medical Center, Cincinnati, OH, offers 1- 
or 2-yr fellowships in pediatric radiology beginning 
July 1991. Children’s Hospital Medical Center is a 
355-bed institution where approximately 100,000 
radiological exams are performed annually by 13 
full-time faculty radiclogists. Four fellowship posi- 
tions are available annually. Training includes all 
aspects of pediatric imaging: neonatal radiology, 
neuroimaging, musculoskeletal radiology, cardio- 
vascular and thoracic imaging, abdominal imag- 
ing, oncologic imaging, ultrasonography, nuclear 
medicine, CT, MRI, and vascular/interventional 
techniques. Facilities include digital fluoroscopy, 
Acuson and ATL ultrasound units with Doppler 
and color-flow Doppler capabilities; Gamma and 
SPECT tomographic nuclear cameras, GE 9800 
Quick CT scanner, 1.5-T GE MRI, and cardiac 
catheterization/angiographic suite with digital 
vascular imaging. Numerous opportunities to par- 
ticipate in both clinical and basic research. Salary 
and fringe benefits are highly competitive. Candi- 
dates must be board-certified or board-qualified 
in diagnostic radiology and must be able to obtain 
an Ohio medical license. Children’s Hospital Med- 
ical Center and the University of Cincinnati Col- 
lege of Medicine are affirmative action/equal 
opportunity employers. Address inquiry and CV 
to Donald R. Kirks, M.D., Director, Dept. of Radi- 
ology, Children’s Hospital Medical Center, Elland 
and Bethesda Aves., Cincinnati, OH 45229-2899; 
(513) 559-8058. 1-12cp 


MARYLAND FELLOWSHIPS—The University of 
Maryland School of Medicine at Baltimore is 
accepting applications for fellowships beginning 
July 1, 1991. One-yr fellowships are availabie in 
angio/interventional, CT/ultrasound/MRI, neuro- 
radiology, and trauma and critical care. The Uni- 
versity of Maryland offers competitive salaries, 
ample time for academic pursuits, and funding 
for continuing medical education. Board certifi- 
cation in radiology is desired, board eligibility is 
required. Additional information regarding each 
fellowship is available by calling (800) 866-8667, 
ext. 3477. Affirmative actionfequal opportunity 
employer encourages applications from members 
of minority groups. 7cp 


Tutorials/Courses 


WORKSHOP— NATO Advanced Study Institute 
(ASI), Picture Archiving and Communication 
System (PACS) in Medicine, Evian, France, 
Oct. 14-26, 1990. The aim of this ASI workshop 
is to bring 80 participants for intensive presen- 
tation and probing discussions on PACS. The 
theme of this meeting is to emphasize “how to.” 
Cost per person including room and board for the 
full duration is $645 single, $585 double. No regis- 
tration fee is required. There is limited funding to 
support participation. For more information, 
please contact Professor H. K. Huang, M.D., Divi- 
sion of Medical Imaging, Dept. of Radiological 
Sciences, UCLA School of Medicine, Los 
Angeles, CA 90024-1721, U.S.A.; (213) 206-1045. 
FAX: (213) 206-2967. 5-8d 


CLASSIFIED ADVERTISEMENTS 


SIXTH ANNUAL LONDON-PARIS ULTRA- 
SOUND CONGRESS, SEPTEMBER 15-22, 1990 
Category | accreditation followed by OPTIONAL 
LOIRE VALLEY BICYCLE TOUR. For information 
contact Medical Seminars International, ino., 
9800 D Topanga Canyon Blvd., Ste. 232, Chats- 
worth, CA 91311; (818) 700-9821. 3-8d 


Other 


X-RAY FILM FOR SALE FROM NATIONWIDE 
DISTRIBUTOR—Very attractive prices and excel- 
lent service. Freight prepaid and no sales tax. 
Orders phoned in before noon are shipped out 
by UPS the same day. We ship anywhere in the 
world. No minimum order necessary. For infor- 
mation, prices, and free samples, please contact 
Dacco Enterprises, 7350 S.W. 48th St., Miami, 
FL 33155; USA (800) 222-8242. 5-8ep 
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VISITING PROFESSORSHIP, THOMAS JEF- 
FERSON UNIVERSITY HOSPITAL—The Dept. 
of Radiology at Thomas Jefferson University 
Hospital in Philadelphia offers a visiting professor- 
ship in our Division of General Diagnostic Radi- 
ology. The position commences July 1990 and 
will be available for 2 yr, while several of our 
faculty members are on sabbatical leave. Funding 
for the position is appropriate for a senior faculty 
member from another institution on sabbatical 
with partial funding or for a junior faculty member. 
In addition to working in the General Diagnostic 
Division, the visiting radiologist will have access, 
for research or educational purposes, to state-of- 
the-art MRI, CT, and ultrasound units, and to well- 
equipped physics and physiology research labo- 
ratories. Liberal research time will be available. 
interested individuals should contact David C. 
Levin, M.D., Chairman, Dept. of Radiology, 
Thomas Jefferson University Hospital, Philadel- 
phia, PA 19107. Jefferson is an equal opportu- 
nity/affirmative action employer. 11-10e 
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Beth Israel Hospital/ 
Harvard Medical School 


Vascular-Interventional Radiology Staff Posi- 
tion in the Department of Radiology. We are 
seeking an additional BC/BE radiologist with 
fellowship or equivalent experience in Vascular 
and Interventional Radiology to join two estab- 
lished interventionists performing approximately 
1200 procedures per year. 


Additional opportunities in CT, Ultrasound, MRI, 
and Research. 


We are a 500 bed teaching hospital, Affirmative 
Action/Equal Opportunity Employer. 


Please send inquiries with a CV to: 


Sven Paulin, MD 
Radiologist-in-Chief 
330 Brookline Avenue 
Boston, MA 02215 
617-735-2506 
Fax: 617-735-4379 


GENERAL RADIOLOGY 
BREAST IMAGING 


Roswell Park Cancer Institute is seeking Board 
certified radiologists with special interests in 
general radiology, CT/MRI, breast imaging and 
nuclear medicine. The modernization of the entire 
Radiology and Nuclear Medicine Departments 
includes a new multidisciplinary breast imaging 
center which has been completed and a magnetic 
resonance center which is under construction. At 
this renowned comprehensive cancer center, 
currently entering a period of renewed growth, 
opportunity for research and academic activity is 
outstanding. A faculty appointment will be at the 
School of Medicine and Biomedical Sciences, 
SUNY at Buffalo, according to the level of 
professional qualifications. Please send cur- 
riculum vitae to: 

Andrew A. Gage, MD, Deputy Institute Director 

Roswell Park Cancer Institute 


Elm and Carlton Streets 
Buffalo, New York 14263 


Roswell Park is an Equal Opportunity / Affirmative Action Employer. 





NEURORADIOLOGY/MRI 


Roswell Park Cancer Institute is seeking Board 
certified radiologists with special interests in 
Neuroradiology and Magnetic Resonance 
Imaging and leadership in an MRI center. The 
modernization of the entire Radiology Depart- 
ment includes a new magnetic resonance imaging 
center which is under construction and expansion 
and reconstruction of the Computed Tomography 
section which is being designed. At this renowned 
comprehensive cancer center, currently entering a 
period of renewed growth, opportunity for 
research and academic activity is outstanding. A 
faculty appointment will be at the School of 
Medicine and Biomedical Sciences, SUNY at 
Buffalo, according to the level of professional 
qualifications. Please send curriculum vitae to: 


Andrew A. Gage, MD, Deputy Institute Director 
Roswell Park Cancer Institute 
Elm and Carlton Streets 
Buffalo, New York 14263 


CANCER INSTITUTE 


Roswell Park is an Equal Opportunity/ Affirmative Action Employer. 





DIAGNOSTIC RADIOLOGIST 
Toledo, Ohio 


Expanding 20-radiologist quality-oriented group 
seeks two board certified general radiologists (no 
angio required). Group covers 850 bed tertiary 
hospital, 350 bed suburban hospital, three outpa- 
tient offices, and performs 225,000 exams per 
year. 


All imaging modalities are represented. Will con- 
sider any high quality applicant who can contrib- 
ute to the group, although university training and/ 
or expertise in a given area such as ultrasound, 
pediatric radiology, MR/CT, or GI radiology desir- 
able. 


Position leads to equal partnership and combines 
excellent salary with very generous vacation time. 
All practice locations within 15 minutes of each 
other and are situated in an area of superb family- 
oriented living with excellent schools. 


Send CV to: 


Dr. Keith Wilson or Dr. Dave Parker 
The Romer Building 
3912 Sunforest Court 
Toledo, OH 43623 
419-471-4438, during daytime 








AJR Guidelines for Authors 


Address new and revised manuscripts, correspondence, 
and classified ads to the Editor: 
AJR Editorial Office 
2223 Avenida de la Playa, Suite 200 
La Jolla, CA 92037-3218 
Telephone: (619) 459-2229; FAX: (619) 459-8814 

Inquiries regarding subscriptions, display advertising, re- 
prints, or permission to republish AJR material should be 
addressed to the publisher: 

The Williams & Wilkins Co. 
428 E. Preston St. 
Baltimore, MD 21202 Telephone: 1-800-638-6423 

The AJR publishes original contributions to the advance- 
ment of medical diagnosis and treatment. Submitted manu- 
scripts should not contain previously published material and 
should not be under consideration for publication elsewhere. 
Papers dealing with neuroradiology should be addressed to: 
American Journal of Neuroradiology, Dept. of Diagnostic Ra- 
diology, 1653 W. Congress Pkwy., Chicago, II 60612. At the 
discretion of the AJR Editor, AJNR articles that are of interest 
to the general reader may be republished in the AJR. Neuro- 
radiologic papers sent to the AJR will be forwarded to the 
Editorial Office of the AJNR. 

Manuscript decisions are based on peer review. Reviewers 
receive manuscripts without title pages to ensure an unbiased 
review. Statements made in the article, including changes 
made by the Editor or manuscript editor, are the responsibility 
of the author and not of the AJR or its publisher. Authors will 
be sent the edited manuscript, galley proof, and proofs of 
illustrations. If the corresponding author will be unavailable to 
review galleys, arrangements should be made for a coauthor 
or colleague to read and return the proof. 

The following guidelines are based on instructions set forth 
in the Uniform Requirements for Manuscripts Submitted to 
Biomedical Journals (Ann Intern Med 1988;108:258-265). 
Articles will be edited, however, to conform to the individual 
style of AJR. 


General Guidelines for Major Papers 


Abstract. Clearly state (in 200 words or less) the purpose, 
methods, results, and conclusions of the study. Include actual 
data. 

Introduction. Briefly describe the purpose of the investiga- 
tion and explain why it is important. 

Methods. Describe the research plan, the materials (or 
subjects), and the methods used, in that order. Explain in 
detail how disease was confirmed and how subjectivity in 
observations was controlled. 

Results. Present results in a clear, logical sequence. If tables 
are used, do not duplicate tabular data in text, but do describe 
important trends and points. 

Discussion. Describe the limitations of the research plan, 
materials (or subjects), and methods, considering both the 
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purpose and the outcome of the study. When results differ 
from those of previous investigators, explain the discrepancy. 


AUTHOR’S CHECKLIST 


For priority handling, complete the following checklist, 
sign the copyright form on the reverse side of this page, 
and include both with the manuscript. 


Two copies of the manuscript (the original and a 
photocopy) and two complete sets of figures are submitted. 
One copy has been retained by the author. 

If appropriate, AJR Guidelines for case reports, tech- 
nical notes, pictorial essays, or letters to the Editor have been 
followed. (See page A5.) 

The manuscript, including references, figure leg- 
ends, and tables, is typed double-spaced on 8⁄2 x 11 in. 
(21.6 x 27.9 cm) nonerasable paper. Right-hand margins are 
not justified. 

All manuscript pages are numbered consecutively 

beginning with the abstract. Authors’ names do not appear 
on the manuscript pages. 
________ The manuscript is organized as follows: title page, 
blind title page (title only), abstract, introduction, methods, 
results, discussion, acknowledgments, references, tables, fig- 
ure legends, and figures. 

Informed consent has been obtained from patients 
who participated in clinical investigations. If experiments were 
performed on animals, authors complied with NIH guidelines 
for use of laboratory animals. 

Use of unfamiliar acronyms and abbrevations is kept 
to a minimum. When abbreviations are used they are defined 
at first mention, followed by the abbreviation in parentheses. 

Metric measurements are used throughout, or the 
metric equivalent is given in parentheses. 

Names and locations (city and state only) of manu- 
facturers are given for equipment and nongeneric drugs. 


Title Page 


The following information is given: title of article; 
names and complete addresses (including zip code) of all 
authors; current addresses of authors who have moved since 
study; acknowledgment of grant or other assistance. The 
corresponding author is clearly identified, and a current ad- 
dress, phone number, and FAX number are given. 

A blind title page is included in each copy of the 
manuscript, giving only the title (without the authors’ names) 
for use in the review process. 


Abstract 


An abstract of approximately 200 words concisely 
states the purpose, methods, and results of the study in one 
paragraph. Actual data are included. Conclusions are stated 
in a second, summary paragraph. 

No abbreviations or reference citations are used. 


References _________ Tables are numbered in the order in which they are 
cited in the text. 
______ Abbreviations are defined in an explanatory note 
below each table. 
________ Tables are self-explanatory and do not duplicate 
data given in the text or figures. 

_ All arithmetic (percentages, totals, differences) has 
been double checked for accuracy, and tabular data agree 
with data given in the text. 


References (not to exceed 35) are typed double- 
spaced starting on a separate page and are numbered con- 
secutively in the order in which they appear in the text. 
All references are cited in the text and are enclosed 
in brackets and typed on line with the text (not superscript). 
Unpublished data are not cited in the reference list, 
but are cited parenthetically in the text, for example, (Smith 
DJ, personal communication), (Smith DJ, unpublished data). 
This includes papers submitted, but not yet accepted, for 





Figures and Legends 





publication. 
___ Papers presented at a meeting are not cited in the = Two complete sets of original figures are submitted 

reference list, but are cited parenthetically in the text (e.g., unmounted in labeled envelopes. 
Smith DJ et al., presented at the annual meeting of the ______ Figures are clean, unscratched, 5 x 7 in. (13 x 18 
American Roentgen Ray Society, May 1990). After first men- cm) glossy prints with white borders. A separate print is 
tion, use (Smith DJ et al., ARRS meeting, May 1990). submitted for each figure part. 

Inclusive page numbers (e.g., 333-335) are given ______All figure parts relating to one patient have the same 
for all references. figure number. 

Journal names are abbreviated according to Index Each figure is labeled on the back with the figure 
Medicus. number and an arrow indicating “top.” For black-and-white 


n Style and punctuation of references follow the for- figures, labeling is done on a gummed label, which is then 
mat illustrated in the following examples (all authors are listed affixed to the back of the print. Never use labels on color 
when six or fewer; when seven or more authors, the first figures, but write figure number on the back lightly in pencil. 
three are listed, followed by “et al.”): Never use ink on front or back of any figures. 

Author's names are not written on the backs of 





Journal article 


1. Long RS, Roe EW, Wu EU, et al. Membrane oxygenation: radiographic figures. 
appearance. AJR 1986;146: 1257-1260 Only removable (rub-on) arrows and letters are used 
on the figures. Symbols are uniform in size and style and are 
aa pain eel ce sees ee not broken or cracked. 
. Smith LW, Cohen . Pathology of tumors, 6th e altimore: Williams : . r ne n 
Wilkins, 1977:100-109 ere. Images are uniform in size and magnification. 
Line drawings are done in black ink on a white 
Chapter in a book background. They are professional in quality, and all use the 
3. Breon AJ. Serum monitors of bone metastasis. In: Clark SA, ed. Bone same size type. (Only glossy prints are acceptable.) 
metastases. Baltimore: Williams & Wilkins, 1983:165-180 Written permission has been obtained for use of all 


previously published illustrations (and copies of permission 
letters are included), and an appropriate credit line is given in 
= Each table is typed double-spaced on a separate the legends. 


Tables 


page without vertical or horizontal rules; each has a short, _______ Legends are typed double-spaced, and figure num- 
descriptive title. Tables do not exceed two pages in length bers correspond with the order in which the figures are cited 
and contain at least four lines of data. in the text. 


Transfer of Copyright Agreement, Conflict of Interest Acknowledgment, Certification of Coauthors, and Exclusive 
Publication Statement 


Complete copyright to the article entitled: 








is hereby transferred to the American Roentgen Ray Society (for United States government employees to the extent transferable), effective if and when the article 
is accepted for publication in the American Journal of Roentgenology. In the case of the authors who are officers or employees of the United States government, 
the American Roentgen Ray Society recognizes that works prepared by officers or employees of the United States government as part of their official government 
duties are in the public domain. 

Authors reserve all proprietary rights other than copyright, such as patent rights and the right to use all or part of this article in future works of their own. The 
authors retain the right of replication, subject only to crediting the original source of publication and receiving written permission from the publisher. 

Authors guarantee that this manuscript contains no matter that is libelous or otherwise unlawful, invades individual privacy, or infringes any proprietary rights. 

Authors understand that they will receive no royalty or other compensation from the American Roentgen Ray Society or the publisher. 

Authors guarantee that the editor has been or will be informed of any proprietary or commercial interest or conflicts of interest the authors may have that relate 
directly or indirectly to the subject of this article. 

All authors certify that they have made substantive and specific intellectual contributions to the article and assume public responsibility for its content. 

Finally, the authors certify that none of the material in this manuscript has been published previously or is currently under consideration for publication elsewhere. 


Fourth author Fifth author Sixth author 


This agreement must be signed by all authors in order for the manuscript to be published. 
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| Case Reports 


A case report is a brief description of a special case that 

provides a message that transcends the individual patient. 
| Format. There is no abstract. The introduction should 
be a short paragraph giving the general background and 
the specific interest of the case. No more than one case 
should be described in detail (similar ones can be men- 
tioned briefly in the discussion). Emphasis should be on 
the radiologic aspects; clinical information must be limited 
to that necessary to provide a background for the radiol- 
ogy. The discussion should be succinct and should focus 
on the specific message and relevance of radiologic meth- 
ods. A review of the literature is not appropriate. 

Length. Maximum of five double-spaced, typewritten 
pages, including the references but not the title page or 
figure legends. 

References. Maximum of eight. 

Figures. Maximum of four, unless the text is shortened 
accordingly. Legends must not repeat the text. 

Tables and Acknowledgments. Not appropriate in case 
reports. 











Pictorial Essays 

A pictorial essay is an article that conveys its message 
through illustrations and their legends. Unlike other AJR 
articles, which are based on original research, pictorial 
essays serve primarily as teaching tools, like exhibits at a 
scientific meeting. They are not encyclopedic book chap- 
ters. The abstract should be a short, introductory para- 
graph. 

Length. Maximum of four double-spaced, typewritten 


pages, including the references but not the title page or | 


figure legends. 

References. Maximum of four. 

Figures. Maximum of 30 figure parts. Number should be 
as few as necessary to convey the message of the paper. 


Tables and Acknowledgments. Not appropriate in pic- 


torial essays. 











| Technical Notes 


equipment of interest to radiologists. 

Format. No abstract, headings, or subheadings are re- 
quired. If headings are used, they should be a combination 
of “Case Report,” “Materials and Methods,” “Results,” and 
“Discussion.” A brief one-paragraph introduction should 
be included to give the general background. Discussion 
should be limited to the specific message, including the 
uses of the technique or equipment. Literature reviews 
and lengthy case reports are not appropriate. 

Length. Maximum of five double-spaced, typewritten 
pages, including the references but not the title page or 
figure legends. 

References. Maximum of eight. 

Figures. Maximum of two, unless the text is shortened 
accordingly. 


nical notes. 





A technical note is a brief description of a specific | 
technique or procedure, modification of a technique, or | 


Tables and Acknowledgments. Not appropriate in tech- | 








Letters to the Editor and Replies 


Letters to the Editor and Replies should offer objective 
and constructive criticism of published articles. Letters 
may also discuss matters of general interest to radiolo- 
gists. Do not end a letter with a hand-written signature. 

Format. All letters should be typed double-spaced on 
nonletterhead paper, with no greeting or salutation. Name 
and affiliation should appear at the end of the letter. Titles 
for letters should be short and pertinent. The title for a 
reply is simply “Reply.” 

Length. Maximum of two double-spaced, typewritten 
pages, including references. 

References. Maximum of four. 

Figures. Maximum of two. 

Tables and Acknowledgments. Not appropriate in Let- 
| ters to the Editor and Replies. 











Opinions, Commentaries, and Perspectives 


Opinions, commentaries, and perspectives are special 
articles dealing with controversial topics or issues of spe- 
cial concern to radiologists. 

Format. Include a title page but no abstract. Headings 
may be used to break up the text. 

Length. Maximum of five double-spaced, typewritten 
pages. 

References. Maximum of five. 

Tables and Figures. Maximum of four. 





| Computer Page Articles 


Articles published on the computer page deal with prac- 
tical computer applications to radiology. 
Format. Include a title page and an abstract. 
Length. Maximum of eight double-spaced, typewritten 
| pages. 
| References. Maximum of five. 
Figures and Tables. Maximum of five. Computer print- 
outs are not acceptable. Figures must be submitted as 5 
x 7 in. glossy prints. 





All submissions to the AJR must be accompanied by a completed copy of the Author’s Checklist and the signed 
Copyright Agreement. 


A13 


1989 General Electric Company 2565 





Preston M. Hickey 
Memorial Lecture 


Bruce L. McClennan' 


Received March 13, 1990; accepted after revi- 
sion April 24, 1990. 


Presented at the annual meeting of the Michigan 
Radiological Society, Detroit, MI, March 1990. 

1 Mallinckrodt Institute of Radiology, Washington 
University School of Medicine, 510 S. Kingshighway 
Blvd., St. Louis, MO 63110. Address reprint re- 
quests to B. L. McClennan. 


0361-803X/90/1552-0225 
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lonic and Nonionic lodinated 
Contrast Media: Evolution and 
Strategies for Use 


The search for better radiopaque iodinated contrast material for intravascular use is 
continuing, but the recent development of new lower osmolality contrast media (LOCM), 
both ionic and nonionic, has dramatically affected the practice of radiology. The major 
issue retarding the introduction of LOCM into clinical practice in this country has been 
the increased cost of the media. Numerous preliminary assumptions and probabilities 
about the tolerance, efficacy, and overall safety of LOCM have been documented in 
scientific studies. The lower osmolality, reduced chemotoxicity, and high hydrophilicity 
of new compounds, particularly the nonionic variety compared with conventional high 
osmolality ionic agents (HOCM), offer a significant margin of safety to patients with 
known risk factors. Mounting data suggest that low or no risk patients are benefited as 
well, perhaps to an even greater degree. Costly trade-offs to the universal use of LOCM 
exist, therefore careful consideration of the advantages and disadvantages of LOCM 
for intravascular administration is required. 

This article, presented as the Preston M. Hickey Memorial Lecture to the Michigan 
Radiological Society in March of 1990, explores the historical development of iodinated 
intravascular contrast media, especially LOCM, and cites existing data that form the 
basis for various strategies for their use, that is, selective, universal, or nonvascular 
use. Better, safer, and less expensive contrast media are a realistic expectation in this 
new decade of technological promise. Reducing adverse side effects from the use of 
any new drug or technology must be our continued, collective goal. 


AJR 155:225-233, August 1990 


The issues surrounding the introduction of the new low osmolar, ionic and 
nonionic iodinated contrast media are complex, and integration of these media into 
clinical use has been slowed by their high cost and lack of adequate reimbursement. 
Low osmolar contrast media (LOCM) are the products of years of research and 
development and intense scientific investigation [1-4]. We as radiologists have 
special obligations because we are intimately involved in the changes and benefits 
that this new technology brings to our patients. As such, we bear a particular 
responsibility to weigh carefully the advantages and the disadvantages of their use. 
As Daniel E. Koshland, Jr., recently wrote, 


What is good for science is not necessarily good for the country and 
we should be particularly cautious in endorsing megaprojects (or 
microprojects) that compete for dollars in a significant way with other 
needs of society [5]. 


Historical Developments 


lonic Compounds 


Several important historical events presage the introduction of the new LOCM, 
namely the initial development of water-soluble radiopaque contrast media by Dr. 
Moses Swick and the development of low osmolar, nonionic media by Torsten 
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Almén [6-8]. Like Dr. Preston M. Hickey, to whom our spe- 
cialty owes numerous debts of gratitude for his many funda- 
mental roentgenologic observations and his development of 
radiologic terminology, it was Dr. Moses Swick in 1928 who 
developed and then published the initial experience with 
water-soluble iodinated IV contrast media for urography [6, 
7]. Swick’s initial goals were to develop a soluble and stable 
compound suitable for IV use that would carry an acceptable 
patient risk from its intrinsic toxicity yet allow sufficient con- 
centration of an iodinated organic compound by the kidney 
to provide a diagnostic radiograph [6, 7]. Swick’s initial at- 
tempts to improve the solubility and efficacy of the product 
are carried on today by major drug manufacturers who con- 
tinue to develop and refine newer, nonionic agents (see 
Table 1). 

Dr. Swick, in conjunction with Professors Lichtwitz, Binz, 
Rath, and von Lichtenberg, developed sodium iodopyridone- 
N-acetic acid, called lopax or Uroselectan, and sodium iodo- 
methamate, called Neoiopax or Uroselectan-B, which were 
N-pyridone monoiodinated and diiodinated compounds re- 
spectively, for excretory urography (Figs. 1 and 2). These 
agents, which provided reasonable radiographs at the time, 
caused many troublesome side effects, particularly nausea 
and vomiting [6, 7]. Dr. Swick’s efforts continued through the 
development of iodohippurate sodium, Hippuran (Mallinckrodt 
Medical Inc., St. Louis), a monoiodinated benzoic acid deriv- 
ative that persists in clinical use today for renal scintigraphy. 
Diodrast (Winthrop Laboratories, New York, NY), a diiodi- 
nated N-pyridone compound (Fig. 3), eventually replaced 
Neoiopax for urography but was succeeded in a short time 
by Urokon (sodium acetrizoate), which was developed in the 
early 1950s by Wallingford at Mallinckrodt Chemical Works 
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in St. Louis [9]. Urokon was made by introducing an acety- 
lated amide (-NHCOCHs) side chain to the benzene ring, 
which further reduced the toxicity [9] (Fig. 4). But, in 1956, 
diatrizoic acid and, in 1962, iothalamic acid were developed 
and became the mainstays of intraarterial and intravascular 
administration for a variety of radiologic and cross-sectional 
imaging techniques [1, 6, 7]. 

There was little or no resistance or financial disincentive to 
the introduction of diatrizoic acid (Hypaque, Winthrop-Breon, 
New York, NY, and Renografin, Squibb Diagnostics, New 
Brunswick, NJ) or iothalamate (Conray, Mallinckrodt Medical, 
St. Louis, MO) at that time because these compounds re- 
placed more toxic drugs (Figs. 5 and 6). Furthermore, because 
they were triiodinated, fully substituted benzene derivatives, 
their improved diagnostic efficacy and reduced chemotoxicity 
made them the obvious universal choices. Additionally, the 
cost was not 10-20 times the cost of the previously used 
intravascular agents! 


Nonionic Compounds 


In 1968, Dr. Torsten Almén began his research on the 
development of lower osmolar compounds, focusing, really 
for the first time, on the ionicity and osmolality of the agent 
as key toxic properties [8]. His efforts with the metrizamide 
family of compounds resulted in metrizamide (Amipaque, 
Winthrop-Breon, New York, NY), which replaced Pantopaque 
(iophendylate, Lafayette Chemical, Lafayette, IN) for myelog- 
raphy, and the era of safe water-soluble myelography had 
begun (Fig. 7). Now even metrizamide has given way to the 
new nonionic compounds (e.g., iohexol, iopamidol) because 
they represent an even greater improvement over metrizam- 


TABLE 1: Currently Available Low Osmolar Contrast Agents 


























Generic Trade 
Type Name Name Manufacturer (Developer) 
lonic loxaglate Hexabrix Guerbet, Aulnay-sous-Bois, France 
Nonionic lohexol Omnipaque Winthrop-Breon, New York (Nyegaard, 
Norway) 
lopamidol lsovue Squibb Diagnostics, New Brunswick, NJ 
(Bracco, Italy) 
loversol Optiray Mallinckrodt Medical, St. Louis, MO 
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Fig. 1.—lopax (Uroselectan), devel- 
oped by Moses Swick, was readily ex- 
creted by kidneys and was surprisingly 


of relatively low toxicity. solubility. 


Fig. 2.—Neoiopax (Uroselectan-B) quickly 
replaced lopax, providing slightly more iodine 
per molecule, lower toxicity, and improved 


Fig. 3.—Diodrast (lodopyracet) was the dominant agent for 
excretory urography from early 1930s until Urokon was 
developed. 
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Fig. 4.—Urokon (acetrizoate) was de- 
veloped by Wallingford in 1950 at Mal- 
linckrodt Chemical Works in St. Louis, 
MO. A 30% solution provided adequate 


Fig. 5.—Diatrizoate (Hypaque, Renografin) re- 
placed Urokon in 1955-1956 as sodium and meglu- 
mine salts of diatrizoic acid proved safer and more 
diagnostically efficacious than earlier drugs. 


Fig. 6.—lothalamate (Conray) joined the market- 
place in 1962, and the meglumine salt was first de- 
signed for urography. 


urograms at that time. 
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Fig. 7.—Metrizamide (Amipaque), developed by Torsten 
Almén and Nyegaard Laboratories, became the first suc- 
cessful water-soluble, nonionic contrast agent, used pri- 
marily for myelography but on occasion for intravascular, 
contrast-assisted studies. 


Fig. 8.—Hexabrix (loxaglate), developed by Guerbet Laboratories and marketed by 
Mallinckrodt Medical Inc., is the first successful dimeric compound. Although still an ionic 
agent, its lower osmolality is due to large particle size and molecular aggregation in 
solution. Used mainly for intraarterial studies today, loxaglate is a satisfactory IV agent for 
urography. 


ide for myelography in both diagnostic efficacy and safety. 
The new family of nonionic compounds has built on the 
concept developed by Almén that radiopaque contrast mate- 
rial should not needlessly double its osmolality by dissociation 
in solution (i.e., be nonionic), thereby lessening or eliminating 
virtually all hemodynamic alterations due to the osmotic prop- 
erty (osmotoxicity) of the agent [10]. These low osmolar ionic 
compounds (i.e., ioxaglate [Hexabrix] Guerbet Laboratories, 
Aulnay-sous-Bois, France), and nonionic contrast media (io- 
hexol and iopamidol), were introduced in Scandinavia, Great 
Britain, and Europe several years before they were introduced 
into the United States in the late 1980s (Fig. 8) (Table 1). 
Research and clinical use of low osmolar ionic and nonionic 
contrast agents has produced evidence for fewer adverse 
side effects associated with their use and equal or slightly 
improved diagnostic efficacy [11]. These new contrast media 
do not yet represent “the perfect contrast agent.” More and 
perhaps better agents are still under development. Such a 


perfect or ideal contrast agent should have many, if not all, of 
the following properties: 


. water solubility 

. Chemical and heat stability 

. biologically inert (nonantigenic) 

low viscosity 

. lower or same osmolality as human serum 
. selective excretion (i.e., kidney) 

. Safety 

. low cost 
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The focus on osmolality of intravascular contrast media 
first noted by Almén and colleagues brought with it the added 
benefit, through development of lower osmolar nonionic com- 
pounds, of a reduced chemotoxicity of the molecule itself. 
Furthermore, recent development of even newer compounds 
such as ioversol (Optiray, Mallinckrodt Medical, St. Louis, 
MO) has focused on a further beneficial molecular property, 
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Fig. 9.—lohexol (Omnipaque), developed by Nyegaard Laboratories in 
Norway, is marketed by Winthrop-Breon, New York, NY. This, the first 
nonionic contrast agent, has the longest track record worldwide. Currently, 
iohexol is used for intravascular and intrathecal imaging studies. 
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Fig. 11.—loversol (Optiray), developed by Mallinckrodt Medical, Inc., St. 
Louis, MO, is the newest nonionic agent in the U.S. marketplace. Currently, 
loversol is approved for use in intraarterial and IV applications. 


that of high hydrophilicity due to the presence of several 
hydroxyl groups on the side chains and balancing the distri- 
bution of the hydrophilic side chains in a three-dimensional 
sense around the molecule, sheltering the iodine atoms on 
the benzene ring (Figs. 9-11). lonic, high osmolar contrast 
agents are actually hydrophobic and form salts in solution. 
Greater hydrophilicity means that these newer agents attract 
water when injected into the bloodstream and the body 
perceives them as “friendlier” molecules because of their 
water affinity (Table 2). 

The new nonionic contrast agents have been shown to be 
much more hydrophilic than conventional high osmolar com- 
pounds. On the basis of their octanol-water partition coeffi- 
cients, iohexol and ioversol are more hydrophilic compounds 
than iopamidol or conventional high osmolar agents [12] 
(Table 2). Not only the improved hydrophilicity of the new 
compounds but the lack of any free carboxyl groups and an 
even distribution of the hydroxyl groups on the molecule 
create a “balanced” hydrophilicity, particularly in the case of 


Fig. 10.—lopamidol (Isovue), developed by Bracco Laboratories in Italy, 
is marketed by Squibb Diagnostics, New Brunswick, NJ. lopamidol, called 
lopromiro in Australia, New Zealand, and Japan, is currently used for 
intravascular and intrathecal imaging studies. 


TABLE 2: Octanol/Water Partition Coefficients of Nonionic 
Contrast Media 





Kon (10,000) 








Agent? 

loversol 4 

lohexol 8 

lopamidol 19 

Metrizamide 190 
* [Conc] = 0.01 mg |/ml 


Note.—Reprinted with permission from Ralston et al. [12]. 


TABLE 3: Alterations Due to Osmolality of Contrast Media 





. Vasodilatation 

. Hemodilution 

. Endothelial damage 

. Changes in RBCs 

. Changes in blood/brain barrier 


AUN- 





ioversol, that contributes to the improved safety profile of the 
new nonionic agents. 

Numerous hemodynamic alterations occur because of the 
osmotic properties of a contrast agent (Tables 3 and 4). The 
osmolality of high osmolar compounds may be 5-8 times that 
of human plasma (300 mOsm/I). High osmolar conventional 
contrast media, Hypaque (Winthrop-Breon, New York), Ren- 
ografin (Squibb Diagnostics, New Brunswick, NJ), and Conray 
(Mallinckrodt Medical, St. Louis, MO), cause more severe or 
more abrupt hemodynamic changes depending on the volume 
and concentration of the compounds used. The more com- 
mon alterations due to osmolality include (1) vasodilatation, 
(2) increases in circulating blood volume, (3) increases in 
peripheral blood flow, and (4) decreases in systemic resist- 
ance and subsequent decrease in blood pressure (hypoten- 
sion) [1, 13]. The hemodilution effects are due to shifts of 
extravascular water into the bloodstream, which further 
contributes to some of the hemodynamic perturbations as- 
sociated with the use of high osmolar contrast media, partic- 
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TABLE 4: Hemodynamic Effects of Contrast Media 





. Decrease cardiac output 

. Negative ionotropic effect (decrease myocardial contractility) 
. Changes in pulmonary artery pressure 

. Changes in plasma volume 

. Cardiac conductivity changes (ECG) 


AUN- 





ularly in high-volume injections. Changes in the RBCs (i.e., 
crenation and rigidity) and direct endothelial damage at the 
site of the injection, with subsequent release of a variety of 
vasoactive substances (Table 5), may cause hemodynamic 
changes in the microcirculation or physiologic changes that 
may result in adverse side effects in patients [13]. 

Some hemodynamic effects can be related to the osmolality 
of the IV contrast media and to a lesser degree their chemo- 
toxic properties [1, 13]. These include negative inotropic 
effects and decrease in myocardial contractility after intracar- 
diac injections. A decrease in cardiac output and increase in 
pulmonary artery pressure may occur along with the changes 
in plasma volume previously noted. Effects on the cardiac 
conduction system may result in abnormal EKG patterns, 
some of which may be clinically significant depending on the 
underlying cardiovascular status of the patient [12]. 

The chemotoxicity of nonionic compounds as measured by 
conventional toxicology studies in laboratory animals (Table 
6) means that the clinical margin for error and the safety of 
large intravascular injections in patients is much improved 
over conventional high osmolar compounds [12]. 

There are, therefore, several physicochemical properties 
firmly grounded in time-tested science and toxicology studies 
that support the serious consideration of nonionic compounds 
as candidates for replacing conventional high osmolar ionic 
agents. The three major properties are their reduced osmo- 
lality, reduced chemotoxicity, and increased hydrophilicity. 

Dr. Torsten Almén (at the annual meeting of the Society of 
Uroradiology, September 1989) proposed three scientific ten- 
ets that support the use of nonionic compounds and provide 
the rationale for their introduction into clinical practice. Al- 
mén’s rules include the following: 


1. Use of LOCM ionic or nonionic contrast me- 
dium virtually eliminates pain during angiogra- 
phy because of their lower osmolality, and 
therefore, they should be considered for all 
painful intravascular injections. 

2. The lower number of particles in solution (os- 
molality) coupled with the lower number of 
carboxyl groups and high number of hydroxyl 
groups in relationship to the number of iodine 
atoms on the molecule accounts for the im- 
proved IV tolerance as measured by LDso de- 
terminations (Table 6). 

3. The associated low neurotoxicity of nonionic 
compounds in the subarachnoid space directly 
relates to the absence of carboxyl groups, the 
increased number of hydroxyl groups, and 
their even, balanced distribution on the mole- 
cule. 
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TABLE 5: Vasoactive Substances Released or Affected by 
Contrast Media 





. Histamine 

. Serotonin 

. Fibrinolysins 

. Kallikreins 

. Prostaglandins 
. Leukotrienes 

. Complement 

. Bradykinin 
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TABLE 6: Comparative IV Toxicity (Mice) 











Percentage Estimated 
Agent lodine LDso (g |/kg) 
lohexol 35 15.0 
loversol 35 16.0 
lopamidol 37 17.0 
Diatrizoate 37 7.6 





Note.—Reprinted with permission from Ralston et al. [12] 


Importantly, contrast material toxicity is the sum of the many 
secondary adverse effects of a contrast medium. Adverse 
side effects are then a combination of the chemotoxic effects, 
the osmotoxic effects, and the ionic composition of the agent 
(Almén T, Society of Uroradiology meeting, September 1989). 


Rationale for Use of LOCM 


Several investigators have pointed to the fact that these 
new, more expensive contrast materials have essentially been 
rationed for a variety of reasons, the major one being high 
cost with limited reimbursement. While the overall use of 
intravascular contrast material is decreasing in the United 
States at an approximate rate of 2% per year, the critical 
issues continue to be (1) the cost, (2) the question of whether 
there are fewer clinically significant sequelae, and (3) ques- 
tions about whether or not there are fewer serious life- 
threatening adverse side effects. 

Any approach to these important issues must take into 
consideration existing knowledge on the frequency and mech- 
anisms of contrast material reactions and scientific assess- 
ment of known risk factors related to the use of conventional 
HOCM and the newer LOCM. 


Contrast Material Reactions 


A detailed discussion of reactions to contrast material and 
their mechanisms is beyond the scope of this lecture; how- 
ever, most authorities agree that the overall frequency of side 
effects associated with the use of high osmolar ionic contrast 
material is 5-8%, including serious life-threatening side effects 
[12]. 

Reactions to contrast material occur in all age groups but 
tend to be more severe in those over the age of 50 to 60 
years [1]. Furthermore, they tend to be more frequent in the 
third and fourth decade, and this may be because the immune 
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system is “primed” at this time, in that IgE (immunoglobulin) 
levels appear to be at their peak [14]. 

The mechanisms for any particular adverse side effect are 
often multifactorial, and a precise unifying theory is yet to 
emerge to explain all reactions to contrast media. The previ- 
ously described physicochemical properties of contrast media 
account for some adverse side effects but cannot explain all 
life-threatening side effects. The morbidity and mortality as- 
sociated with the use of the LOCM, particularly the nonionic 
agents, is definitely less than that associated with the use of 
the more conventional ionic agents [1, 4, 15]. Death as a 
result of a serious life-threatening side effect often results 
from a complex series of events. Radiologists are much better 
prepared today than ever before for resuscitative support of 
patients in such circumstances. Therefore, comparison of 
death rates with various LOCM compounds will never be a 
really satisfactory method to show the improved tolerance of 
patients to and safety of the new contrast agents. 


Evidence for Improved Safety of LOCM 


An extremely large volume of scientific literature has been 
published in the last two decades that supports the improved 
safety and at least equivalent diagnostic efficacy of the new 
LOCM, particularly nonionic contrast agents [4, 11]. A thor- 
ough review of this literature will not be part of this endeavor, 
but rather the pertinent science that has formed the founda- 
tion for the introduction and use of the new contrast agents 
will be reviewed [16-20]. Schrott and colleagues in West 
Germany in 1986 [16] reviewed the use of iohexol in 50,660 
patients and set the stage for further studies, all of which 
arrived at similar conclusions—that nonionic contrast media 
are better and safer compounds than conventional high os- 
molar agents [17-20]. The Schrott data were collected by 
urologists and were only for excretory urography, but 52% of 
the patients studied were said to be at “high” risk [16]. Only 
a handful of serious side effects occurred (0.01%), and no 
deaths were reported in this series [16]. These data were 
criticized on methodologic grounds but nonetheless showed 
a marked reduction in the incidence of side effects from 5- 
8% to approximately 2% overall [16]. 

The Royal Australasian College of Radiology study pub- 
lished by Palmer was again criticized for methodologic and 
data-reporting weaknesses but nonetheless showed that it 
was safer to be a high-risk patient and receive a nonionic 
compound than to be a low- or no-risk patient and receive an 
ionic contrast agent—safer by at least a factor of three [17]. 
Notwithstanding other data [18] that continued to demon- 
strate an improvement in safety of nonionic compounds, the 
study that brought the issue of potential universal use to the 
fore came from Katayama and colleagues in Japan [19]. This 
multicenter trial was the largest performed in the world to 
date and included 148 hospitals and 58 university radiology 
departments. A total of 352,817 cases were entered and 
337,647 were studied after appropriate exclusion. Half 
(50.1%, n = 169, 284) of the patients received high osmolar 
contrast material and the other half (49.9%, n = 168,363) 
received nonionic contrast material [19]. Although some ran- 
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domization and consecutive reporting problems were uncov- 
ered after an extensive review by the committee on drugs 
and contrast media of the American College of Radiology, a 
strong statistical power was found within the study sufficient 
to support a safety improvement over conventional contrast 
material of at least sixfold [19]. Serious adverse side effects 
occurred only 0.04% of the time in the Katayama study and 
several risk factors were documented, which included pre- 
vious contrast material reactions, cardiac disease, history of 
allergy, and most importantly the type of contrast material 
[19]. The type of contrast medium (ionic or nonionic) was the 
most critical factor for prediction of an adverse side effect in 
this study. The Katayama study was also significant because 
it suggests that one could not confidently stratify patients by 
risk alone and thereby decide who should receive ionic or 
nonionic contrast media [19]. 

The correlation and agreement, aside from methodologic 
and study design differences, among the different studies 
performed in different parts of the world is remarkable. Further 
confirmation of Katayama’s data has come from studies in 
the United States by Wolf and colleagues [20] with a multi- 
center trial including 6006 consecutive patients in a modern 
clinical setting, which again showed a marked decrease in the 
incidence of adverse side effects with nonionic contrast ma- 
terial, in this case iohexol (0.69%, p < .001 vs. 4.17% with 
conventional high osmolality compounds). Recent data, pre- 
sented by H. W. Fischer and R. Siegle at the Society of 
Uroradiology meeting in Naples, FL, September 1989, from a 
large group of patients (n = 197) with a history of previous 
contrast material reaction who received nonionic contrast 
material, showed a marked reduction in re-reaction rate—13/ 
197 (6.5%). No repeated serious reactions occurred, and all 
re-reactions were less severe than the preceding one. 

Steroid premedication continues to be discussed as an 
alternative to the universal use of nonionic compounds. A 
recent study by G. L. Wolf, M. M. Miskin, R. Arenson, and S. 
G. Roux (poster presented at the annual meeting of the 
Radiological Society of North America, November 1989) has 
shown that steroid premedication and the use of an ionic 
compound are not as satisfactory as the use of a nonionic 
compound alone when patients are stratified for risk factors 
and when the severity of the adverse drug reaction is also 
considered. This is further confirmatory evidence that the 
major risk factor for adverse reactions is the type of contrast 
material itself and that nonionic contrast media have a signif- 
icantly lower frequency for all adverse side effects and severe 
adverse reactions in particular when compared with ionic 
compounds. Compliance with any routine steroid premedi- 
cation protocol is extremely difficult even in the best of 
circumstances and therefore further weakens the argument 
for the use of routine steroid premedication. 


Evolving Issues: Nephrotoxicity and Thromboembolic 
Potential 


Nephrotoxicity 


Contrast-induced nephrotoxicity has been a known risk to 
the use of high osmolar contrast media for many years [21]. 
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Diabetes and a history of atopy (atopic allergy) both correlated 
with the risk of nephrotoxicity, as did concomitant use of 
other nephrotoxic drugs [21]. Moore and colleagues from 
Johns Hopkins University reviewed this specific issue and 
confirmed the aforementioned risk factors [21]. Contrast- 
induced acute renal failure (acute tubular necrosis [ATN]) has 
variously been reported to occur in 15-42% of patients with 
azotemia, increasing to 23-92% of patients with azotemia 
and diabetes mellitus after administration of ionic contrast 
media [22]. Furthermore, it appears that the preinjection 
creatinine level is the best predictor for the occurrence of 
contrast-induced nephrotoxicity [22-25]. Radiologists have 
long recognized this potential complication and have at- 
tempted with preprocedure hydration, the use of diuretics, 
dose reduction, and cautious angiographic technique to re- 
duce this real but uncommon circumstance. Two studies, 
from two different institutions, addressed this issue in a 
randomized prospective controlled fashion in patients 
undergoing cardiac catheterization procedures [23, 24]. 
These investigators found no statistical difference between 
ionic and nonionic compounds in terms of contrast-induced 
nephrotoxicity [23, 24]. In 51 of 663 patients in both studies 
combined, contrast-induced nephrotoxicity developed after 
the procedure but none of the patients required dialysis [23, 
24]. Although uncertainty persists, it does not appear that the 
risk of contrast-induced nephrotoxicity demands considera- 
tion of nonionic compounds, but often there may be compli- 
cating factors (e.g., diabetes, azotemia) that would otherwise 
dictate their use [22, 26, 27]. Notably, many, if not all, cardiac 
catheterization laboratories today have converted to the use 
of nonionic or low osmolar contrast agents. 


Thromboembolic Potential 


Thromboembolism associated with the use of nonionic 
contrast material has been referred to as “the clotting issue.” 
This stems from early reports of thrombi at the end of intra- 
arterial catheters, development of thrombosis within a cathe- 
ter or intravascular line, or angiographic syringes in the pres- 
ence of nonionic contrast agents [28-34]. Further research 
and review suggests that red cell aggregates are more com- 
mon when blood is mixed with nonionic compounds [30, 
31]. The low osmolar agent (ioxaglate) Hexabrix has proved 
to be the most “anticoagulant” contrast agent, with antico- 
agulant qualities similar to or more potent than those of HOCM 
[30]. loxaglate may inhibit the final stages of fibrin formation 
and polymerization as well as inhibiting coagulation se- 
quences before the generation of thrombin [30]. Nonionic 
compounds are, however, very weak inhibitors of coagulation 
[30-34]. However, improved angiographic technique has di- 
minished these risks and resuspension of red cell aggregates 
after formation in a syringe has not proved to be Clinically 
significant [29]. 

The natural tendency is for blood to clot when mixed with 
contrast media of any sort. This tendency is accelerated in 
the presence of nonionic contrast material and warrants spe- 
cial caution during use [33, 34]. It may well be that the 
beneficial properties of LOCM—greater hydrophilicity and 
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lower chemotoxicity—are part of the reason these agents are 
less anticoagulant; therefore, scrupulous angiographic tech- 
nique is mandatory [33, 34]. 


Risk Factors 


Given the current state of our knowledge, a variety of risk 
factors already exist that should warrant consideration of the 
new LOCM [1, 15]. These would include patients more than 
50-60 years of age, debilitated or unstable patients of any 
age, and patients with serious cardiovascular disease, pre- 
vious contrast material reaction, allergies and asthma, and 
special circumstances as outlined in the package insert that 
accompanies all contrast material. These special circum- 
stances include pheochromocytoma, sickle cell disease, mul- 
tiple myeloma, diabetes mellitus, and dehydration. Virtually all 
radiologists today are using LOCM, ionic or nonionic, in “at- 
risk” patients as determined by using these or similar criteria. 
Universal use for all patients is becoming the standard in 
many communities, and if the sale of contrast material in this 
country is any indication, this will continue to grow. Approxi- 
mately 33% of all contrast material sold in the United States 
in 1989 was LOCM, a significant rise over the previous years’ 
volumes, which were 23% of the market share in 1988 and 
nearly 14% in 1987 (N. Croce, personal communication). 


The Cost-Containment Conundrum 


The high cost of the new contrast material is related to 
several factors. However, claims that use of the new contrast 
material will bankrupt the medical system have not proved to 
be true. Although reimbursement has not become universal 
when nonionic contrast material is used, payment has been 
forthcoming from many sectors. All the reasons for the in- 
creased cost of the new contrast material are not known, but 
certainly the fact that high osmolar ionic compounds have 
been on the market since the mid-1950s has allowed the 
companies to recoup all of their research and development 
costs. The new compounds are more expensive to manufac- 
ture, and the marketing and distribution costs of any new 
product have to be factored into the equation. Certainly the 
Food and Drug Administration (FDA) has been the brunt of 
criticism as a contributing factor to the cost of the new agent 
because extra purification steps must be performed and 
certain licensing fees paid when any compound is brought 
into this country from abroad. lohexol and iopamido! are made 
abroad, which contributes to their higher cost. The cost of 
Clinical trials also must be added into the pricing equation, 
along with royalties paid to foreign companies because all 
low osmolar agents except ioversol are made abroad. 

As an example of the time and potential cost to bring a 
nonionic contrast agent to market, data from Mallinckrodt 
Medical Inc. in St. Louis on the introduction of ioversol (Opti- 
ray) show that the initial patent disclosure was in April 1979. 
The first laboratory synthesis was 1981, the initial toxicology 
and stability studies were in October 1981, the preparation 
of clinical material for clinical trials took place in 1985, and 
trials were completed in December 1987. The initial new drug 
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application (NDA) submission took place in June 1987 and 
the final NDA approval by the FDA took place in December 
1988 (Y. Lin, personal communication). In this case, almost 
10 years were required to bring a new drug to the market- 
place. 

Estimates that universal use of nonionic contrast material 
will cost over $2 billion and that it will cost Medicare nearly 
$300 million to provide this as a benefit to Medicare patients 
may well be correct but have to be put in perspective [35, 
36]. The national cost of a variety of medical diagnostic 
studies was recently quoted in the Wall Street Journal on 
February 7, 1989. The national cost of endoscopy was $10 
billion; chest radiographs, $2.75 million; sonography, 1.25 
billion; EKG studies, $1.5 billion; and pap smears, $800 million 
(in 1987 prices). An economic advantage to the use of non- 
ionic compounds would certainly be the decreased cost of 
the care and management of adverse side effects, but few 
data exist to support this premise although it is still widely 
held [37]. Jacobson and Rosenquist [35] proposed that the 
cost of using low osmolar contrast material in an “at-risk” 
population would approach $31,000 per year of life saved, 
putting this cost in the category of the cost of dialysis for 
end-stage renal disease or screening for renovascular hyper- 
tension. They assume that the at-risk population would be 
only 15-20% of the patient population, and although this 
assumption can be criticized as being too low, their argument 
for the cost efficacy of low osmolar contrast material at least 
brings a new dialogue to the argument and offers monetary 
figures that can be compared with those of other known and 
accepted medical diagnoses or treatments [35]. 

The medicolegal issue of the patient's role in the decision 
of whether or not to use the new contrast materials and the 
doctrine of informed consent is beyond the scope of this 
lecture, but those radiologists who practice in a climate where 
the “reasonable patient rule” applies, or where informed con- 
sent is mandatory, must directly consider, if not discuss, the 
use of the new contrast material with all of their patients. To 
my knowledge, no lawsuit has yet been settled in the United 
States based on the use of contrast material alone, although 
some have been filed recently that promise to bring this issue 
to the courts in the near future. Legal doctrine already exists 
(Wickline v. California, 1986) that both insurers and providers 
can be held liable “when medically inappropriate decisions 
result from defects in the design or implementation of cost 
containment mechanisms .. .” [38]. Therefore, cost factors 
will not provide a likely or suitable defense should an adverse 
outcome occur with the use of high osmolar ionic contrast 
when new low osmolar ionic and nonionic compounds were 
readily available but either not considered or not offered to 
the patient. Therefore, each radiologist, hospital, or institution 
must consider and determine its own individual or regional 
policy on cost-effectiveness of the new contrast material. 
Many have done so and concluded that the increased cost is 
effective in that it provides equal or improved health benefits 
to the patient. Certainly, elsewhere in the world, including 
several provinces in Canada, countries in Europe and Scan- 
dinavia, Japan, and Australia, physicians have converted to 
the nearly universal use of nonionic contrast media. 
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Strategies for Use 


Three strategies for use of the new contrast agents could 
be considered: (1) a selective use in “at-risk” patients, (2) 
universal use, and (3) nonvascular use of ionic compounds. 

Selective use in at-risk patients would include developing 
guidelines or a list of groups of patients or circumstances in 
which the new contrast material should be considered or 
used. These would include all intraarterial injections, which 
today are virtually all done with low osmolar ionic compounds 
(e.g., Hexabrix), nonionic compounds, or dilute ionic com- 
pounds when done with digital subtraction angiographic work. 
Higher risk procedures, such as cerebral arteriography and 
angiocardiography or pulmonary arteriography, are instances 
where nonionic compounds or Hexabrix are widely used. 

The argument for universal use is based on all existing data 
but in particular the recent Katayama [19] study that suggests 
that one cannot stratify by risk alone and that the choice of 
contrast material is the most statistically powerful variable. 
Nonionic compounds were proved to be at least six times 
safer in the Japanese study [19]. All existing data to date 
show fewer reactions overall, including severe life-threatening 
reactions. An impatient public and some impatient radiologists 
and referring physicians have contributed to the move toward 
universal use. The legal issues, although peripheral at the 
moment, also press hard for the consideration of universal 
use. 

The argument against universal use is based solely on cost, 
and cost, of course, is tied to reimbursement. Guidelines have 
recently been put forward by Medicare (through the Health 
Care Finance Administration) providing for outpatient reim- 
bursement using the Current Procedural Terminology code 
plus A4648 for the use of low osmolar contrast material in 
the outpatient setting. So, although reimbursement is far from 
universal, a variety of providers are indeed paying for the use 
of the new contrast material in some fashion. Steroid pre- 
medication has not proved an effective argument for the 
persistent use of ionic compounds, particularly in a high-risk 
group of patients. 


Nonvascular Use 


Although the manufacturers may, in conjunction with the 
FDA, change the labeling requirements or package inserts for 
conventional contrast media to indicate that they are no longer 
suitable for vascular use, it is strongly hoped that conventional 
contrast material may still be used for nonvascular proce- 
dures. The large number of studies such as enemas with 
water-soluble contrast agents and other fluoroscopic and 
radiologic procedures, including cystography, retrograde 
urethrography, nephrostograms, hysterosalpingography, 
ERCP, sinography, and tube injections, in which the risk of 
intravascular injection is small, should continue to be done 
with ionic compounds. 


Organized Medicine's Role 


The role of organized medicine in the introduction of this 
new technology has historical precedent. The American Col- 
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lege of Radiology worked hard for reimbursement for new 
technology such as CT and MR imaging and has done the 
same for the introduction of low osmolar contrast material. 
Publication of guidelines along with resolutions from the Col- 
lege Council favoring lowered cost and satisfactory reim- 
bursement for the use of low osmolar contrast media have 
attempted to pressure manufacturers to reduce the cost. 
Other initiatives are ongoing by the American College of 
Radiology, and indeed the American Medical Association 
recently passed a resolution at its December 1989 interim 
meeting favoring investigation of the high cost of LOCM. If 
organized medicine and individual physicians and institutions 
continue to lobby for reduction in the cost as well as for 
reasonable reimbursement, the ultimate result will be that 
once again the patient will win, and radiologists can fulfill their 
role as the patient's advocate, providing optimal patient care 
without being trapped in the cost-containment conundrum. 

The future is impossible to predict but the past is often the 
prologue for prognostication. Based on the penetration of the 
marketplace in terms of low osmolar, nonionic contrast ma- 
terial sales and the growing awareness within our specialty 
and in the public sector of the improvements offered by 
LOCM, universal use may not be far away. Notwithstanding 
serious criticisms of the existing science supporting the im- 
proved safety and efficacy of LOCM, few continue to argue 
effectively that LOCM is no better than conventional high 
osmolar contrast material. In fact, if cost were not an issue, 
a universal conversion would have taken place in the last 
decade rather than early in the 1990s. 
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editorial office. They will visit Williams & Wilkins 
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of applications is Nov. 1, 1990. The successful 
candidates will be notified Dec. 1, 1990. 
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Historical Perspective 





Preston M. Hickey 


Raymond A. Gagliardi’ 


Every now and then throughout human history, forces seem 
to come together almost accidentally to produce men and 
women of startling wisdom, talent, and insight, and the results 
are wondrous indeed. Such a man was Preston Manasseh 
Hickey. He was the organizer and first chairman of the ra- 
diology department at Harper Hospital in Detroit, and profes- 
sor of radiology at the Detroit College of Medicine (predeces- 
sor of Wayne State University School of Medicine), and chair- 
man and professor of radiology at the University of Michigan 
during its formative years. His memory would be worth pre- 
serving for these achievements alone, but they tell far too 
little about the greatness of the man and his place in the 
historical evolution of radiology as a medical specialty. 

Dr. Hickey was born in Ypsilanti, MI, in 1865, received his 
A.B. degree at the University of Michigan, and earned his 
M.D. degree from the Detroit College of Medicine in 1892. He 
began his career as a pathologist and otolaryngologist with a 
passion for amateur photography [1]. Because of his interest 
in photography, he soon turned his attention to radiology, 
quickly realizing the tremendous possibilities of the X-ray in 
medical practice. Devoting himself full-time to this specialty, 
he was soon asked to assume responsibility for X-ray “rooms” 
at Harper Hospital and later at the University of Michigan 
Hospital. 

After the announcement of Roentgen’s discovery, there 
was considerable confusion about the appropriate place to 
use X-rays. An obvious application was in medicine. No 
consensus existed about who should be using the new tech- 
niques and what qualifications were required. The formation 
of the American Roentgen Ray Society in 1900 was an 
attempt by our predecessors to establish radiology as a 
genuine medical specialty and to develop standards for re- 


sponsible medical use of the promising new rays [2]. in 1906, 
the American Roentgen Ray Society authorized the establish- 
ment of the American Quarterly of Roentgenology and ap- 
pointed Dr. Preston Hickey as its first editor. In the following 
10 years, Dr. Hickey attempted to use the Journal as a vehicle 
for developing radiology as a strong and independent medical 
discipline. He succeeded so well that in 1913 the Journal 
began publishing on a monthly basis, as it has to this 
day [3]. 

Controversy also surrounded the proper definition of the 
image produced by the use of the X-ray. The term X-ray 
photograph was rejected out of hand, but there was no 
consensus. in 1904, in the Journal of the Michigan Medical 
Society, Hickey used the term radiograph, defined as “the 
record of the density of objects interposed between an ener- 
gized Crookes tube and the plate.” This term, together with 
roentgenogram, persists as the accepted terminology to this 
day [4]. 

In the early formative years, an accepted definition of the 
report rendered by the radiologists did not exist, and it was 
Hickey, in 1904, who first used the catch word “interpretation” 
to describe the report [4]. He also created a method of 
describing the radiologic findings and their implications. The 
Hickey method of reporting radiologic studies is still the basic 
method that we use today and is incorporated even in those 
reporting systems that are on highly sophisticated computer 
programs. The terms used in the reports are all creations of 
Preston Hickey [5]. 

At that time, only posteroanterior and anteroposterior pro- 
jections were used in radiology, and it was Dr. Hickey who 
first thought of taking oblique views for better localization of 
abdominal calcifications, particularly ureteral stones. Confu- 
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sion existed about the cause of the linear shadows seen 
radiating from the hila on chest films. As early as 1904, Hickey 
suggested that these represented pulmonary vessels, a judg- 
ment that was not universally accepted at that time, but came 
later to be recognized as the appropriate explanation [6]. 

Radiology was generally considered an extension of pho- 
tography and the negative images were printed and read as 
positive photographs. Dr. Hickey discovered, perhaps by 
accident, that even better definition was apparent if the neg- 
ative images were viewed directly on a view box. This very 
basic operation spread and became the standard for the entire 
specialty. Hickey was one of the first to recognize the need 
for reduction of secondary irradiation by using devices that 
would limit the beam and sometimes compress the patient 
[7]. He developed the Hickey “cone” because he thought the 
device took this geometric shape and should be called a cone 
rather than the terminology of the day, which was “cylinder.” 

it is hard to realize that in the early days of the specialty it 
was not clear what the specialty should be called. The most 
popular term at the time was skiagraphy, from the Greek root 
defining X-rays as silhouette pictures. Through Hickey’s influ- 
ence as editor of the American Journal of Roentgenology 
(AJR), it was possible to adopt the term roentgenology as the 
appropriate description of the new specialty. At this time, the 
American Roentgen Ray Society (ARRS) was setting both 
ethical and professional as well as scientific standards in the 
specialty, and its preference was quickly accepted. 

Organizationally, the ARRS continued to expand and make 
more stringent requirements for the specialty. In 1920, Pres- 
ton Hickey attempted to internationalize organized radiology 
by serving as the American president of the Inter-Allied Roent- 
genoiogical Club. This never developed into a significant force, 
but it was a beginning for international radiologic cooperation. 

it is difficult to believe, when one remembers the names of 
the great martyrs to radiology, that it was not until 1920 that 
the ARRS formed the Roentgen Ray Protection Committee 
to study radiation dangers. This committee made significant 
recommendations regarding safety and standards of protec- 
tion. A leader on that committee was Dr. Hickey, who was 
instrumental in publishing the first report on safety in the AJR 
in December 1924. 

Dr. Hickey also was a driving force in establishing, in 1925, 
the Section on Radiology of the American Medical Associa- 
tion, serving with Carmen and Hubny as its first officers. 

In reviewing the first 60 years of pediatric roentgenology in 
the United States, Dr. John Caffey described The Children’s 
Hospital in Boston as the first roentgen department in America 
for the exclusive use of infants and children in 1899. Shortly 
thereafter, in 1904, Hickey installed similar facilities at the 
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Children’s Hospital in Detroit. So his contributions even ex- 
tended to the fledgling subspecialty of pediatric radiology. 

The contributions of Dr. Hickey to the scientific and orga- 
nizational development of radiology are significant, but it 
should be noted that underlying all his efforts was the goal of 
establishing radiology as an independent separate medical 
discipline on a par with the accepted clinical specialties of 
surgery, obstetrics and gynecology, and internal medicine. 
That he succeeded only too well is reflected in the present 
“turf” battles in which radiologists are concerned about the 
efforts of the senior specialties to encroach on the radiolo- 
gist’s area of responsibility and expertise. 

When Dr. Hickey died in 1930, the common source of 
continuing medical education was the scientific lectures pre- 
sented at the periodic meetings of county medical societies. 
The Wayne County (Michigan) Medical Society had a very 
active scientific program, bringing in distinguished speakers 
for the continuing education of its members. In a joint action 
by the Wayne County Medical Society and the Detroit X-Ray 
Society (the predecessor of the present Michigan Radiological 
Society), it was decided to honor the memory of Preston 
Hickey by devoting the most important single scientific pro- 
gram of the year to him. The Hickey Memorial Lecture was 
therefore instituted and continues to this day. It was then and 
remains now a very formal presentation, with publication of 
the Hickey Lecture in the AJR. The list of those who have 
given the Hickey Lecture in the last 60 years is a list of the 
outstanding members of the radiologic community. It is well 
that such lectureships exist and it is well that we remind 
ourselves periodically of the contributions made by these 
pioneers. Preston Hickey is remembered as a man who played 
a major role in organizing the specialty, setting its standards, 
defining its terms and procedures, and most important of all, 
establishing its place as a genuine independent medical dis- 
cipline [8]. 
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Review Article 


Sonography of the Musculoskeletal System 


Phoebe A. Kaplan,’ Aurelio Matamoros, Jr., and Joseph C. Anderson 


Improved technology and the development of high-resolution 
transducers have made sonography of the structures of the 
musculoskeletal system possible. The vast majority of scientific 
reports on the value of sonography for imaging musculoskeletal 
abnormalities have been written only in the last decade. Sonog- 
raphy has several inherent advantages: it is relatively inexpen- 
sive, allows comparison with the opposite normal side, uses no 
radiation, and can be performed at bedside or in the operating 
room if necessary. The advent of MR imaging has revolutionized 
musculoskeletal imaging and may be used in many instances 
rather than sonography for evaluating the same abnormalities or 
anatomic structures. It is important, however, to keep in perspec- 
tive what the different imaging techniques have to offer, and, if 
one is just as efficacious as the other, the least invasive and 
least expensive should be chosen whenever possible. 

The goal of this article is to review the applications of sonog- 
raphy to the evaluation of musculoskeletal disorders including 
tendon disease, soft-tissue masses, identification of foreign bod- 
ies, osteomyelitis, cellulitis, and certain joint abnormalities. 


Technical Factors 


High-resolution real-time sonographic machines are pre- 
ferred for evaluating soft-tissue structures of the extremities. 
They allow rapid identification of the structures of interest and 
accurate determination of the optimal scanning plane. Dy- 
namic evaluation of tendons and muscles during contraction 
and relaxation may aid in the diagnosis [1-3]. High-frequency 
transducers are necessary because most soft-tissue imaging 
is of small, superficial structures in the extremities. In order 


to permit maximal resolution of the target tissues, use of a 5- 
MHz or higher (7.5- or 10-MHz) frequency transducer is 
necessary. High-frequency transducers give optimal spatial 
and contrast resolution; however, the high-frequency probes 
have a limited depth of penetration and narrow field of view. 
Linear transducers of lower frequency (3-5 MHz) have ad- 
vantages in large muscular areas (such as the thigh), where 
the increased penetration and larger field of view are neces- 
sary to see deep structures. The transducers may be applied 
directly to the skin; otherwise, a standoff pad is useful for 
visualizing very superficial structures such as tendons. The 
standoff pad allows very superficial structures to be within 
the focal zone at a distance from the transducer and away 
from the artifact created at the surface of the transducer. 

Sector scanners or linear-array transducers can be used. 
The linear-array transducer is advantageous for imaging su- 
perficial structures such as tendons. Linear-array probes have 
beams perpendicular to the superficial structures as well as 
an increased field of view. In comparison, sector scanners 
have a smail field of view in the near field, and the beam is 
oriented obliquely in relation to longitudinally oriented tendons 
[1-3]. 

Images should be obtained in both the longitudinal and 
transverse planes for all structures and entities being exam- 
ined. This contributes the most information and allows three- 
dimensional localization and measurement of lesions. It is 
frequently useful to scan the contralateral asymptomatic side 
of paired structures if there is a question as to what is normal 
for each patient. 
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Tendons 


Superficial tendons are well suited to sonographic ‘evalua- 
tion. Traumatic abnormalities are by far the most common 
reason for tendon imaging. Such lesions usually occur in 
athletes, but chronic, low-grade, repetitive trauma from a 
degenerative process such as that which occurs in shoulder 
impingement syndrome causes tendon abnormalities as well. 
Partial or complete tendon tears, tendinitis, and infection after 
puncture wounds will be discussed as they affect the most 
commonly examined tendons: Achilles, rotator cuff of the 
shoulder, patellar, quadriceps, biceps brachii, and flexor of 
the hand. 


Normal Anatomy 


When the transducer is in correct position, with the ultra- 
sound beam perpendicular to the tendon, there is a moderate 
echogenicitiy (increased relative to skeletal muscle) with fine 
parallel internal echoes (Fig. 1) [4, 5]. The echogenicity of 
tendons is based on their histologic structure. Tendons are 
composed of longitudinally oriented bundles of collagen fibers. 
The tendon is surrounded by a peritendon sheath, which is 
continuous with connective tissue septa within the tendon. 
The peritendon sheath causes a very thin, highly echogenic 
line on either side of a tendon. Synovial sheaths are not 
evident with sonography. An important pitfall consisting of 
artifactual hypoechoic areas within tendons can occur [5]. 
This is important to recognize, because true hypoechoic areas 
indicate tendinitis. False hypoechoic regions in normal ten- 
dons appear when the tendon is oblique in relation to the 
ultrasound beam. Thus, proper positioning of the transducer 
is essential. This artifact will be seen routinely where tendons 
attach to bone because their course is slightly curved in these 
areas. Awareness of the normal curvature of tendons can 
allow one to modify the orientation of the transducer and 
eliminate the artifact. 





Fig. 1.—Longitudinal sonogram of Achilles tendon shows normal parallel 
linear internal echoes (arrows). 
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Achilles Tendon 


Athletes and others commonly have pain of the Achilles 
tendon. Although an acute complete tendon rupture is usually 
evident clinically, clinical evaluation of this area is otherwise 
difficult in the case of chronic pain or in the absence of a 
complete tear. Sonography has been shown to reliably differ- 
entiate between lesions requiring surgery and those that will 
respond to conservative therapy [2, 3, 6-10]. Small longitu- 
dinal tears are treated conservatively, whereas a transverse 
partial tear will heal better with early surgical intervention. 
Thus, unnecessary surgery can be prevented, and appropri- 
ate surgery can be performed in a timely fashion, which 
significantly improves the functional outcome. 

The patient is scanned in the prone position with the feet 

hanging over the edge of the table. The normal tendon 
measures 4-6 mm in thickness and about 6 cm in length in 
adults. It attaches to the gastrocnemius and soleus muscles 
proximally and inserts onto the posterior aspect of the cal- 
caneus distally. It is an oval structure on transverse scans. 
The muscle fibers at the proximal musculotendinous junction 
somewhat blur the anterior margin of the tendon and may 
appear as linear hypoechoic regions that must not be con- 
fused with partial tears. 
The retrocalcaneal bursa filled with fluid is routinely seen 
interposed between the calcaneus and tendon. The Achilles 
tendon lies immediately beneath the superficial subcutaneous 
fat and skin; anterior to the tendon is the more echogenic fat 
of Kager triangle. Deep to this fat are the deep flexor muscles 
and tibia. Real-time imaging during plantar flexion and dorsi- 
flexion shows functional anatomy. 

Complete tears of the tendon appear as complete disrup- 
tion with variable amounts of retraction of the fragments from 
one another. The interval between fragments may be filled 
with hematoma, which can have a variable echo pattern [11], 
or with an echogenic fibrous scar, depending on the chronicity 
of the tear. These findings are diagnostic of a rupture. Partial 
tendon tears have a similar appearance except tendon conti- 
nuity is preserved. Achilles tendinitis frequently occurs in 
athletes, particularly in long-distance and competitive runners, 
from chronic overstress. Tendinitis may be diffuse or nodular. 
Sonography may show focal thickening of the tendon (>6 
mm) with relative decreased echogenicity (Figs. 2-4). 


Rotator Cuff Tendons 


Tendon abnormalities of the rotator cuff are a very common 
cause of shoulder pain and dysfunction. A tendon tear may 
occur from acute trauma. More commonly, chronic overuse 
and degenerative changes cause an impingement syndrome. 
The abnormalities in shoulder impingement syndrome range 
from hyperemia, edema, and fibrosis (tendinitis) to partial- or 
full-thickness tears. The major radiologic method of diagnos- 
ing rotator cuff abnormalities has been arthrography. How- 
ever, several articles have been published suggesting sonog- 
raphy as a diagnostic alternative [12-17]. 
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Fig. 2.—Achilles tendons. Transverse sonograms of left and right ten- 
dons, respectively, show fluid (arrows) around left tendon due to tendinitis. 





Fig. 3.—Achilles tendons. 
A, Normal longitudinal sonogram of right tendon (arrowheads). 
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Significant disadvantages to rotator cuff sonography have 
prevented this technique from replacing arthrography in most 
institutions [18-22]. The major disadvantage of rotator cuff 
sonography is that it is quite difficult to master the technique, 
even for highly qualified and experienced sonographers. The 
recent application of MR imaging to rotator cuff disease may 
further limit the widespread use of sonography as a nonin- 
vasive alternative to arthrography. 

The technique for rotator cuff sonography involves scan- 
ning the shoulder while it is hyperextended and internally 
rotated, with the patient seated [23, 24]. This position allows 
the cuff to rotate anteriorly from beneath the acromion for 
greater exposure. This position may also accentuate small 
tears by increasing stress on the tendons. Real-time scanning 
while the patient is performing a range of motion with the 
shoulder may also increase the visibility of a tendon abnor- 
mality. Linear-array transducers, either 5.0 or 7.5 MHz, should 
be used in the shoulder. 


B, Longitudinal sonogram of left tendon shows thickening with loss of normal tendon echo texture and decreased echogenicity (arrowheads) consistent 
with tendinitis. Repeated small tears and tendinitis account for sonographic appearance. 
C, Transverse sonogram shows normal tendon (arrowheads on right) and enlarged tendon (arrowheads on left). 


W LG 


Fig. 4.—Chronic left triceps tendinitis. 

A, Sagittal sonogram shows triceps tendon 
(straight arrow) and foci of increased echogenicity 
(arrowheads) due to calcific deposits in tendon 
seen on plain radiographs. Fluid (curved arrows) 
surrounds tendon insertion. 

B, Transverse sonogram shows echogenic foci 
(arrowheads) and fluid (arrows) surrounding ten- 
don insertion. 

O = olecranon. 
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The biceps tendon should be examined as well as the 
rotator cuff tendons because an abnormality of one can mimic 
the other clinically. Also, tendon sheath effusions surrounding 
the long head of the biceps have a high correlation with 
defects of the rotator cuff [25]. 

The tendons are imaged in the parasagittal and coronal 
planes, that is, parallel to the long axis and across the axis of 
the tendon. Layers of the shoulder are routinely evident, with 
the skin and hyperechoic subcutaneous fat located most 
superficially. The deltoid muscle forms the next layer and has 
less echogenicity than tendons. Deep to the deltoid is a thin 
hyperechoic plane formed by the subdeltoid bursa and its 
surrounding fat. The rotator cuff forms the next layer and has 
a moderate level of echoes. The supraspinatus tendon (most 
common site of tears) is thinned posteriorly and at its insertion 
on the greater tuberosity, so measurements should be made 
in its thicker anterior section. The humeral head/greater tu- 
berosity is the layer beneath the rotator cuff. The acromion 
process can be seen medially. 

The sonographic findings that indicate rotator cuff tears 
are: (1) complete absence of rotator cuff, (2) focal tendon 
thinning, (3) focal discontinuity of tendons, and (4) abnormal 
echogenicity within the cuff. The two most reliable of these 
signs are complete absence or focal thinning of the tendon. 

if the rotator cuff is not evident, it indicates a complete and 
large tear with retraction of the tendon beneath the acromion 
or medially. This allows the deltoid muscle to lie directly on 
the humeral head. Such an appearance is pathognomonic 
and highly accurate. Focal thinning of the cuff is from a smaller 
tear with focal absence of tendon, allowing the deltoid muscle 
to become more closely apposed to the humeral head in a 
small area. This sign is similar to complete absence of the 
tendon, being pathognomonic and accurate. Discontinuity of 
the tendon (without associated thinning) occurs when fluid or 
hypoechoic reactive tissue fills a defect within the cuff. Such 
an appearance may or may not represent a torn tendon. 
There is limited confidence in this sign, which may be subtle 
and not pathognomonic. The final category of abnormal find- 
ings comprises focal areas of increased echogenicity within 
the tendon. This latter finding may occur with small tendon 
tears that fill in with hypertrophic synovium or granulation 
tissue. This is not a reliable sign and the contralateral asymp- 
tomatic side often may have a similar appearance. 

The sensitivity of sonography for detection of rotator cuff 
tears has been reported as ranging from 58% to just over 
90% [12-21]. Sonography is more accurate in detecting large 
full-thickness tears than smail tears. The negative predictive 
value of sonography is high; thus, it has been recommended 
that no further radiologic evaluation is necessary in these 
patients unless conservative therapy fails or there is a high 
clinical suspicion of a cuff tear. Arthrography should still be 
done in these situations or to confirm a positive sonogram 
and to further characterize the features of the tear and 
remaining tendon fragments before surgery. 

Pitfalls in interpreting sonograms of the rotator cuff have 
been described [17]. Errors may occur from failure to recog- 
nize normal anatomy, particularly if the biceps tendon is not 
recognized as such and is instead interpreted as a focal 
hyperechoic region, which may be considered a tear. Experi- 
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ence with the technique and comparison with the contralateral 
shoulder should alleviate these problems. Tendon calcification 
from calcific tendinitis appears as focal echogenic areas that 
could be misinterpreted as a tear. Humeral fractures may 
distort the anatomy so that scans are misinterpreted or 
inconclusive. The last two pitfalls can be overcome easily if 
plain films are obtained before sonography. 


Patellar and Quadriceps Tendons 


Acute trauma and chronic repetitive stresses may cause 
rupture, hematoma, or tendinitis in these tendons similar to 
that described in the rotator cuff and Achilles tendons. Athletic 
injuries are usually the inciting factor. More has been written 
on sonography of the patellar tendon than of the quadriceps 
tendon [2, 3, 26], although the abnormalities are similar. The 
patellar tendon has the same sonographic features as other 
tendons described previously. It originates on the inferior 
patella, where it is widest, and narrows distally as it inserts 
on the anterior tibial tubercle. Proximally, it measures 3-6 
mm in thickness and 10-15 mm in length. The patient is 
examined in the supine position, with the knee in various 
degrees of flexion. Comparison with the contralateral side is 
useful because of a great variation of normal appearances. 
Tears usually occur in the proximal tendon and appear as a 
disruption of the tendon identical to those described in other 
tendons. Ruptures may be partial and associated with he- 
matoma (Fig. 5). Patellar tendinitis may be diffuse or focal and 
appears as tendon thickening and hypoechogenicity. Punc- 
tate hyperechoic foci with acoustic shadowing may be present 
from intratendinous calcific deposits. 


Flexor Tendons of the Hand 


A puncture wound to the hand may lead to acute suppu- 

rative tenosynovitis of the flexor tendons [2]. The results may 
be devastating unless there is prompt surgical intervention to 
preserve tendon function. Physical examination has been the 
only means of diagnosis until the recent application of sonog- 
raphy to the musculoskeletal system. Jeffrey et al. [27] re- 
ported the sonographic findings of seven patients with sur- 
gically proved bacterial tenosynovitis of the hand. The ten- 
dons were significantly increased in diameter compared with 
those in the normal hand. Hypoechoic areas around the 
tendon were correlated with pus found at surgery within the 
tendon sheath (Fig. 6). These findings suggest that surgery 
should be performed instead of delaying definitive treatment 
with antibiotic therapy or other expectant therapy. Hypo- 
echoic flexor tendons should not be misinterpreted as a 
positive finding because the flexor tendons are always curved 
and it is difficult to align the transducer exactly perpendicular 
to the tendon; thus artificial hypoechogenicity is found rou- 
tinely in the tendons of the hand [6]. 
Rheumatoid hands have abnormalities that can be demon- 
strated by sonography, which may aid in preoperative plan- 
ning [28]. Hypoechoic tendon sheath thickening representing 
tenosynovitis is the most common abnormality. Complete or 
partial flexor tendon ruptures and rheumatoid nodules are the 
other lesions demonstrated by sonography. 
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Fig. 5.—Incomplete left patellar tendon tear. 
Longitudinal sonogram of tendon shows focal area 
of mixed echoes (arrowheads) at site of partial 
tear. P = patella 


Soft-Tissue Masses 


Sonography can certainly be used to identify the presence 
and location of a soft-tissue mass. It also can differentiate 
between a solid and cystic mass, and Doppler imaging can 
be used to differentiate between an aneurysm or pseudo- 
aneurysm. Once sonography shows that a soft-tissue mass 
is solid (rather than cystic or vascular in origin), its usefulness 
is limited because it cannot differentiate one type of solid 
tumor from another. Clearly MR imaging is the technique of 
choice for evaluating solid soft-tissue masses involving the 
extremities. However, sonography plays a valuable role as an 
inexpensive screening procedure to determine the cystic or 
solid nature of amass and determine the subsequent workup. 
For example, a mass posterior to the knee can quickly be 
determined to be a popliteal cyst, solid mass, or aneurysm; 
the workups for each are significantly different (Figs. 7 
and 8). 

A common type of soft-tissue abnormality that may present 
as a mass or simply as pain and can be evaluated by sonog- 
raphy is muscular trauma. Sports injuries are commonly the 
cause of muscular trauma, which may result in the formation 


Fig. 7.—A, Sonogram of popliteal fossa shows 
dissecting fluid (arrows) between calf muscles. F 
= femur, T = tibia. 

B, Distal longitudinal sonogram shows dissect- 
ing fluid (arrows) extending distally through the 
calf muscles. 
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Fig. 6.—Acute suppurative tenosynovitis of right flexor pollicis longus tendon. 
A and B, Longitudinal (A) and transverse (B) sonograms show hypoechoic fluid (arrows). t = 
tendon. 


of hematomas, muscle tears, compartment syndromes, or 
myositis ossificans [11, 29-32]. 


Normal Muscle Anatomy 


The sonographic appearance of normal skeletal muscle 
imaged longitudinally is that of homogeneous, multiple, fine, 
parallel echoes. Transverse imaging shows a more disorga- 
nized pattern of fine echoes scattered throughout the muscle 
fibers. This feathery appearance of muscle is due to multiple 
muscle bundles (fasciculi) surrounded by fibroadipose septa 
(perimysium). The latter cause the fine echo pattern. A brightly 
echogenic outer margin to each muscle is formed by connec- 
tive-tissue fascia (Fig. 9). Muscle is generally less echogenic 
than subcutaneous fat or tendons. The echogenicity of con- 
tracted muscle is often less than that of relaxed muscle. 


Muscle Injuries 


The sonographic characteristics of hematomas vary de- 
pending on the status of clotting and the frequency of the 
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Fig. 8.—Soft-tissue mass (synovial sarcoma). 

A, Longitudinal sonogram shows solid mass with mixed echogenicity 
overlying distal medial right tibia (arrows). 

B, Coronal MR image of same lesion shows mass of mixed intensities 
(arrows). 


transducer [11]. Organized clot generates more internal 
echoes, whereas clot lysis and unclotted blood cause an 
anechoic appearance. In general, high-frequency transducers 
produce increased echogenicity from clotted hematomas. 
Hematomas may have well-defined or irregular margins with 
or without internal septa. Muscular hemorrhage often results 
in focal or diffuse muscle enlargement and is usually confined 
to the compartment of origin. A hematoma may be dissected 
around a muscle. Hematomas may be associated with muscle 
tears (Fig. 10). Dynamic examination with muscle contraction 
and relaxation may be valuable in differentiating a hematoma 
from a muscle tear associated with a hematoma. Contraction 
will show retraction of muscle with an increased size of the 
lesion if there is a tear. Recurrent and chronic muscle injuries 
develop fibrosis and scarring characterized by heterogeneous 
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areas of increased echoes that do not increase in size with 
contraction. 

Sonography also has been used in the evaluation of post- 
traumatic myositis ossificans [29, 30]. This produces a soft- 
tissue mass with multiple bright hyperechoic foci with acoustic 
shadowing. 


Traumatic Pseudoaneurysms 


Trauma to vascular structures may cause arteriovenous 
fistulas or pseudoaneurysms. Sonographic diagnosis of fem- 
oral artery pseudoaneurysms produced by iatrogenic trauma 
has been reported [32, 33]. Pseudoaneurysms usually pre- 
sent as a mass, which may or may not be pulsatile. Even if 
pulsations are detected on physical examination, this may be 
the result of a hematoma with transmitted pulsations from an 
adjacent artery rather than a pseudoaneurysm. Doppler so- 
nography can demonstrate intraaneurysmal blood flow (Fig. 
11). Color Doppler sonography or careful duplex sonography 
may allow detection of the tract between the injured artery 
and the pseudoaneurysm [32]. Sonography offers a rapid, 
noninvasive means of demonstrating the presence of a pseu- 
doaneurysm as well as its size, configuration, thrombus, and 
cavity. 


Foreign Bodies 


Sonography has been reported as a useful adjunct to 
conventional radiographs in diagnosing the presence and 
location of foreign bodies that have become embedded in soft 
tissues [32-38]. Foreign bodies occur most often in the hands 
and feet and, in decreasing order of frequency, include frag- 
ments of wood, glass, and metal [2]. The shape and size of 
radiopaque foreign bodies are best determined by conven- 





Fig. 10.—Hematomas. 

A, Longitudinal sonogram of biceps hematoma denoted by loss of normal muscle pattern replaced by 
areas of mixed echogenicity (arrows). 

B, Longitudinal sonogram shows posttraumatic oval hypoechoic mass (arrows) proved to be a hematoma 
in mid-anterior thigh. F = femur. 


Fig. 9.—Longitudinal sonogram of 
part of normal lateral head of gas- 
trocnemius muscle shows feathery 
appearance of muscle fibers sur- 
rounded by echogenic connective tis- 
sue fascia (arrows). 


nart of normal lateral head of qas- 
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Fig. 11.—A, Transverse sonogram of right iliac 
artery shows cystic mass (arrows) proved to be a 
pseudoaneurysm after a cardiac catheterization. 

B, Doppler tracing within pseudoaneurysm 
shows arterial flow within cystic mass. 


I.5 cM 
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tional radiographs. Sonography is better for three-dimensional 
localization of the foreign body. Also, wood usually cannot be 
seen on plain films, whereas sonography can readily demon- 
strate wood and all other forejgn bodies [36]. All foreign 
bodies are hyperechoic foci on sonography. Occasionally, 
glass will show acoustic shadowing. Only the proximal surface 
of the foreign body is evident, so the configuration and size 
cannot be determined (Fig. 12). Possible pitfalls include mis- 
interpretation of sesamoid bones or areas of soft-tissue cal- 
cification as foreign bodies; plain films should always be 
obtained and compared with the sonogram [35]. 


Osteomyelitis /Cellulitis 


Sonography can differentiate cellulitis from osteomyelitis by 
showing the location of fluid relative to bone [39, 40]. If fluid 
is in direct contact with bone, osteomyelitis can be accurately 
predicted. The fluid is probably an inflammatory exudate 
dissecting beneath the periosteum or just extrinsic to it. In 
the proper clinical setting, soft-tissue fluid collections not 
immediately adjacent to the bone represent some form of 
cellulitis rather than osteomyelitis. 


Joint Abnormalities 


The major use of sonography for articular abnormalities is 
in evaluation of the infant hip. A few preliminary reports have 
also appeared concerning meniscal tears and articular carti- 
lage defects in the knee, which will be mentioned only briefly. 


The Infant Hip 


The most important application of sonography in joints has 
been for evaluation of infant hips [41-55]. Dislocation, sub- 
luxation, and joint effusions can be diagnosed and followed 
up without exposing young patients to radiation. 

Evaluation of infants for congenital dysplasia of the hip is 
relatively easily learned (unlike rotator cuff sonography) and 
has become a routine procedure at many institutions. The 
femoral head is partially or completely unossified during the 
first year of life and the relatively anechoic cartilage can be 
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demonstrated well when compared with the highly echogenic 
osseous portions of the acetabulum. Thus, sonography of the 
hip is valuable during the first year for evaluating the position 
of the femoral head and acetabular dysplasia, but does not 
play a role in older patients. Sonography is particularly valu- 
able in diagnosing congenital hip dysplasia when one consid- 
ers that the physical examination and conventional radio- 
graphs are not always reliable in infants younger than 3 
months old [48, 56]. The structures of most importance 
cannot be seen on radiographs because they are not yet 
ossified. Arthrography can be performed with excellent diag- 
nostic results, but it is an invasive examination that introduces 
the risk of infection and exposes the infant to radiation. 

The technique for hip sonography varies. The most com- 
mon techniques use a dynamic approach that simulates the 
range of motion clinicians use to evaluate for hip stability, and 
a lateral approach with the hip extended to give a coronal 
and axial image of the joint. Regardless of the technique used, 
the goals are to identify the mainly anechoic cartilaginous 
femoral head, its relationship to the acetabulum, and the 
configurations of the femoral head and acetabulum. 

The femoral head should be well contained in the acetabular 
cup, but even normal infants may have 4-6 mm of posterior 





Fig. 12.—A, Longitudinal sonogram shows small rectangular wooden 
foreign body (arrows) in foot sole. 
B, Transverse sonogram shows foreign body (arrows). 
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subluxation of the hip during the dynamic evaluation in the 
first 2 days of life [57]. The femoral head should move freely 
without lateral or cephalocaudal displacement. The triangular 
acetabular labrum and joint capsule also can be identified. 
The joint capsule is abnormally thickened in patients with hips 
that are subluxed or dislocated. The posterior acetabulum 
may be smaller and flattened in the presence of a subluxed 
hip and the entire acetabulum is small and shallow when there 
is a frank dislocation. The femoral head routinely displaces in 
posterior, superior, and lateral directions from the acetabulum 
(Fig. 13). Sonography is useful in evaluating the position of 
the femoral heads after treatment with a harness or cast that 
holds the hips in abduction and flexion. 

Joint effusions can be diagnosed with sonography even 
when very small amounts of fluid are present [58]. Sonogra- 
phy will detect effusions when plain film shows no displace- 
ment of the femoral head from the acetabulum. Sonography 
of the hip for diagnosis of joint effusions is different than that 
for hip dysplasia. The hip is scanned from an anterior ap- 
proach with the transducer running parallel to the long axis 
of the femoral neck. Although sonography is very sensitive to 
the presence of effusions, it does not allow determination of 
the nature or cause of them. MR imaging can also show very 
small effusions as well as detect osseous abnormalities such 
as avascular necrosis or osteomyelitis that may be the cause 
of the effusion. Therefore, sonography may serve as a less 
expensive screening examination for joint fluid that may need 
to be followed by more diagnostic tests if sonography shows 
positive results. 


Knee 


Some work has been done with sonography of the knee 
for showing articular cartilage abnormalities and torn menisci 
[59-61]. The results are presented for completeness; how- 
ever, the exquisite anatomic detail available with MR of the 
knee makes it doubtful that sonography will ever be used as 
a technique to evaluate internal derangements of the knee. 

Investigations in cadavers, as well as a small number of 
patients with knee derangements, have shown the menisci to 
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be homogeneously echogenic structures, and tears appear 
as focal zones of greater echogenicity or inhomogeneity [59, 
60]. Currently, only the posterior horns of the menisci can be 
consistently evaluated, limiting the practical usefulness of this 
method. 

Sonography of the knee joint to assess arthritis has been 
reported [61]. Hyaline cartilage is a sharply defined hypoech- 
oic band. Thinning, changes in echogenicity, and indistinct- 
ness of the cartilage margins correspond to degenerative and 
inflammatory arthritic destruction. In a recent report, traumatic 
cartilage abnormalities were evident with sonography of the 
knee when the menisci were being examined [60]. An articular 
defect from osteochondritis dissecans and articular depres- 
sion and irregularity from a tibial plateau fracture were dem- 
onstrated with sonography. Articular cartilage is obscured by 
adjacent bone in many joints. The true potential for sono- 
graphic evaluation of articular cartilage remains to be seen. 


Conclusions 


Sonography for diagnosis of musculoskeletal abnormalities 
can be very useful. The major advantages over other tech- 
niques are dynamic evaluation of structures, relatively low 
cost, no radiation, and wide availability. The major alternative 
to sonographic imaging of soft-tissue structures is MR imag- 
ing, which gives exquisite anatomic detail and contrast reso- 
lution, is not operator-dependent, and gives a global view of 
both soft-tissue and osseous structures. Furthermore, clini- 
cians frequently find it easier to understand MR images than 
sonograms. For these reasons, the major contribution of 
sonography is as a screening tool for determining whether or 
not a lesion is present. Determining the presence of a lesion 
may be all that is necessary or it may lead to a more specific 
workup. Sonography has the advantage of being able to 
determine if a lesion is vascular or cystic, which is very 
valuable in selecting the next examination. There is no ques- 
tion that sonography is an excellent tool for examining infant 
hips and abnormalities of certain tendons on a level equal to 
or better than that of other existing techniques. 


Fig. 13.—A, Coronal sonogram shows normal 
left hip joint. 

B, Coronal sonogram shows lateral and ce- 
phalic displacement of right femoral head. 

F = femoral head, A = expected center of left 
acetabulum, curved arrows = ilium, straight arrows 
= right acetabulum, arrowheads = shallow left 
acetabulum. Note abnormal acetabular angle be- 
tween right ilium and acetabulum. 
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Book Review 


Intraoperative Ultrasonography in Hepato-Biliary and Pancreatic Surgery. A Practical Guide. Edited by Giuseppe 
Gozzetti, Alighieri Mazziotti, Luigi Bolondi, and Luigi Barbara. Boston: Kluwer, 183 pp., 1989. $92.50 


This book is a fine overview of what can be gained by using 
intraoperative sonography in hepatic, biliary, and pancreatic surgery. 
It consists of nine chapters. The first two discuss the basic physics 
of sonography, instrumentation, and exploration technique. Chapter 
3 is about sonographic terminology. It provides a judicious description 
of different echo patterns and likely will benefit surgeons who will use 
this book as a basic introduction to intraoperative sonography. Chap- 
ter 4, which is dedicated to hepatic surgery, covers hepatic anatomy, 
the sonographic appearance of hepatic tumors, and a full spectrum 
of benign and malignant hepatic diseases. It is richly illustrated with 
sonograms, schematic drawings, and color photographs of surgical 
specimens. Its only shortcoming is the small field of view of the 
sonograms, which limits the anatomic landmarks encompassed on a 
single image and thus hinders easy orientation for newcomers to 
sonography. 

Chapters 5 and 6 address biliary tract surgery. They are complete 
with descriptions of normal anatomy and discussions on lithiasis and 
tumors of the biliary tract. Direct neoplastic invasion of hepatic 
parenchyma and vascular structures and metastases to liver and 
lymph nodes are discussed also. These two chapters match the 
chapter on hepatic surgery in their wealth of illustrations and in the 
clarity of the text. They provide an unbiased parallel between intra- 
operative sonography and intraoperative cholangiography. An em- 
phasis on the greater capability of intraoperative sonography in the 
detection of hepatic tumors not suspected on the basis of preopera- 
tive diagnostic studies stands out in these two chapters as well as in 
the chapter on hepatic surgery. Chapters 7 and 8 describe the use 
of sonography during pancreatic surgery. Although they have a 


discussion on pancreatic carcinoma and chronic pancreatitis, the 
larger part of these two chapters is on pancreatic endocrine tumors 
(insulinomas and gastrinomas) for which intraoperative sonography 
could play a major role because these tumors are, for the most part, 
smaller than 2 cm and can be multifocal. The last chapter comments 
on use of sonography during surgery for portal hypertension and liver 
transplantation and the use of Doppler imaging in the evaluation of 
vascular thrombus and patency of shunts. 

This book is well written and covers a variety of diseases in which 
sonography is becoming increasingly important. Intraoperative so- 
nography is now preferred or considered complementary to the more 
conventional technique of intraoperative cholangiography in the 
search for biliary calculi. It has, however, a distinct edge in the search 
for small neoplastic primary or metastatic hepatic nodules, in the 
evaluation of direct hepatic invasion by adjacent tumors, and in the 
delineation of vascular anatomy to help preserve hepatic segments 
and avert unwarranted resections. It also is becoming indispensable 
in pancreatic surgery for endocrine tumors. The main difficulty in 
bringing this technique to its peak is still the need to have radiologists 
who can dedicate significant time to the operating room or surgeons 
who are willing to take intensive training in sonography. Hence, this 
book can be an excellent introduction for those surgeons and a good 
source of information for practicing sonographers who are consider- 
ing intraoperative work. 


Joseph Fakhry 
New York Medical College 
Valhalla, NY 10595 
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Review Article 


Biliary Tract Motility and Its Relationship to Clinical 


Disorders 


Wylie J. Dodds’ 


This review concerns the normal physiology and pathophysi- 
ology of biliary tract motor activity, with particular attention to the 
kinetics of bile flow and clinical disorders of biliary tract motor 
function. 


Anatomy 


The extrahepatic biliary tract system consists of the extra- 
hepatic bile ducts, gallbladder, cystic duct, and sphincter of 
Oddi (SO). The right and left hepatic ducts originate in the 
liver to form the common hepatic duct about 4 cm below the 
porta hepatis (Fig. 1). Below its junction with the cystic duct, 
the main bile duct continues as the common bile duct. On 
sonography, the distinction is seldom made between the 
common hepatic duct and the common bile duct because the 
cystic duct is rarely imaged. Therefore, the common hepatic 
duct and common bile duct together are called the common 
bile duct or common duct. The distal common bile duct 
courses posterior to the pancreatic head and often through 
the parenchyma of the pancreas to enter the duodenum. The 
distal 1-2 cm of the common bile duct generally unites with 
the distal pancreatic duct to form a sphincterlike structure, 
the SO. All component structures of the SO are distinguished 
by an encircling layer of smooth muscle that is distinct from 
that of the duodenum. The common channel, or ampulla of 
the SO, lies partially outside the duodenal wall and passes 


obliquely through a window in the duodenal musculature to 
drain into the duodenum through a moundlike duodenal papilla 
called the papilla of Vater. The portion of bile duct within the 
duodenal wall is about 10 mm long. 

The human SO is about 10-15 mm long and generally 
includes a zone of thickened muscle called the sphincter 
choledochus, which is located proximal to the ampulla. The 
sphincter ampullae is distal to the ampulla, within the duodenal 
papilla of Vater [1]. Also, a zone of thickened muscle in the 
distal pancreatic duct, called the sphincter pancreaticus, is 
often present. There are three general anatomic configura- 
tions of the human SO, which may be likened to a Y, V, or U 
[2]. In about 70% of subjects, the ampulla is 4-7 mm long (Y 
type). This common channel, or ampulla, drains into the 
duodenum through a single orifice on the papilla of Vater. In 
about 20% of subjects, the common bile duct and pancreatic 
duct have a long common septum and thereby form a short 
ampulla 1-2 mm long (V type). In the remaining 10% of 
subjects, the common bile duct and pancreatic duct have 
separate openings on the duodenal papilla (U type). In this 
configuration, a common channel, or ampulla, is not present. 

The gallbladder consists of three parts: fundus, body, and 
infundibulum. The funnel-shaped infundibulum empties into 
the cystic duct near the free edge of the hepatoduodenal 
ligament. The gallbladder in fasting subjects is generally 7- 
10 cm long and about 3 cm wide and contains about 20-30 
ml of bile. 
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The cystic duct is about 3.5 cm long and usually runs 
paraliel to the common hepatic duct before they merge. The 
two ducts often are surrounded by a common sheath of 
connective tissue. The mucosa of the proximal cystic duct is 
arranged into prominent folds called the spiral valves of 
Heister. 

in the biliary tract system, conspicuous smooth muscle is 
present in the gallbladder, cystic duct, and SO. The bile ducts 
consist mainly of elastic connective tissue and are devoid of 
smooth muscle [3]. 

innervation of the gallbladder and SO consists of excitatory 
cholinergic nerves and inhibiting nonadrenergic nerves. The 
preganglionic fibers of these nerves run through the vagus. A 
few sympathetic nerves are also present. 


Embryology 


The gallbladder and bile ducts develop from a duodenal 
diverticulum that originates as a ventral anlage from the 
second part of the duodenum. The pancreas and its ducts 
arise from two other duodenal anlagen (Fig. 2). During growth 
the ventral pancreas and common bile duct rotate directly 
behind the duodenum and fuse with the dorsal pancreas, so 
that the distal pancreatic duct and distal common bile duct 
generally join to form the SO. Animals without a gallbladder, 
such as the rat and horse, do not have an SO [4]. 


Physiology 


The biliary tract is a low-pressure, low-flow system. Flow 
of bile into the duodenum is determined mainly by the rate of 
hepatic bile production, gallbladder contraction, and SO activ- 
ity [3]. Cystic duct resistance, duodenal contractions, and 
gravity are less important variables in determining bile flow. 
Because smooth muscle of the biliary tract is limited to the 
gallbladder, cystic duct, and SO, the only significant pressure 
generators in the biliary tract system are the gallbladder and 
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Fig. 1.—Gross anatomy of extrahepatic bile duct system. Inset is mag- 
nitied view of sphincter of Oddi. Sph. = sphincter. 
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Fig. 2.—Embryology of biliary and pancreatic duct systems. 

A, Ventral (V) and dorsal (D) pancreas arise as anlagen from duodenum. 

B, Biliary and pancreatic anlagen rotate counterclockwise (arrows) so 
ventral pancreas lies posterior to dorsal pancreas. 

C, Ventral and dorsal pancreas along with their ducts fuse so duct of 
Wirsung (W) becomes major pancreatic duct and distal part of duct of 
Santorini (S) becomes accessory pancreatic duct. 

GB = gallbladder; CBD = common bile duct. (Reprinted with permission 
from Dodds et al. [3].) 


the hepatic secreting pressure of bile. The maximal pressure 
for both generators is about 25-30 mm Hg. 

Postprandial gallbladder contraction has an immediate ce- 
phalic phase regulated by excitatory cholinergic vagal nerves 
and a more prolonged phase generated by endogenous cho- 
lecystokinin (CCK), released by entry of nutrients into the 
duodenum [5]. After a fat-containing meal, gallbladder emp- 
tying is generally maximal, that is, greater than 50%, by 45 
min [6]. However, the gallbladder often remains contracted 
for several hours because of the continuous emptying of food 
from the stomach into the duodenum. Thus, the gallbladder 
may remain virtually empty for several hours after breakfast, 
Junch, and dinner and never reach a basal fasting volume until 
late in the evening or during the night [7]. 

During fasting, the stomach and small bowel participate in 
acyclic pattern of fasting motor activity, termed the migrating 
motor complex (MMC) cycle. At a given intestinal location, 
the cycle begins with a period of quiescence (phase 1), a 
period of random contractile activity (phase 2), and a short, 
5-min period of intense motor activity (phase 3). The phase 3 
activity front propagates through the intestine at about 1-2 
cm/min. The MMC cycle is about 90 min in humans, dogs, 
and opossums and then repeats itself [8]. During the second 
half of the duodenal MMC cycle, the gallbladder empties about 
40% [9], only to refill during the first half of the next cycle 
(Fig. 3). Thus, during fasting the gallbladder is not quiescent, 
but rather undergoes partial emptying and refilling. This proc- 
ess may promote bile mixing and prevent the formation of 
microcalculi. Any microcalculi that may form are likely elimi- 
nated into the bile duct. 
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The human liver secretes about 1000 mi of bile daily. Tonic 
contraction of the SO was once thought to direct all of fasting 
hepatic bile into the gallbladder where it was concentrated up 
to 100% [5]. Subsequent studies, however, showed that the 
SO partitions hepatic bile flow so that only 50-75% of hepatic 
bile enters the gallbladder while the remainder flows directly 
into the duodenum [3]. Fasting hepatic bile secretion, how- 
ever, is not constant and is bile acid-dependent. Variations 
in bile production depend directly on the enterohepatic circu- 
lation of bile acids. During fasting, bile acids are delivered to 
the distal ileum for absorption in synchrony with the intestinal 
MMC cycle [10, 11]. Thus, a surge of bile acids is delivered 
into the proximal intestine during the MMC-related partial 
contraction of the gallbladder. As a consequence, the bile 
later reaches the terminal ileum as an aliquot. The bile acids 
are rapidly reabsorbed and recycled through the liver. Hepatic 
bile flow increases during the latter half of the duodenal MMC 
cycle. After a meal, bile acid transit through the intestine is 
greatest about 30-60 min after eating because the intestine 
enters a phase of continuous motor activity called the “fed 
pattern” and hepatic bile flow peaks at about 1.5-2.0 ml/mm 
[4]. Thus, bolus flow through the common bile duct is greatest 
about 40-50 min after eating, regardless of whether or not 
the gallbladder is present. 

The SO demonstrates two types of motor activity (Fig. 4), 
a low active tone that generates a basal pressure of about 
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Fig. 3.—Relationship between gallbiadder (GB) volume and gastrointes- 
tinal migrating motor complex (MMC) cycie in an opossum. Histogram 
plotted for spike burst (SB) rates in gastric antrum (GA), two sites in 
duodenum (D, and D2), sphincter of Oddi (SO), and proximai {J,} and distal 
(Jz) jejunum. Each spike burst is equivalent to a peristaltic circular muscle 
contraction. Four phase-3 MMC activity fronts occurred during the 7 hr of 
recording. Periodic changes in gallbladder volume occurred synchronously 
with MMC cycles. Gallbladder volume emptied about 40% during second 
half of each duodenal MMC cycle and refilled during second half of next 
cycle. Additionally, rate of SO phasic contractions (spike bursts) varied 
synchronously with duodenal MMC cycle, becoming minimal during phase 
1 and maximal during phase 3. (Reprinted with permission from Takahashi 
et ai. [9].) 
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Fig. 4.—Station pull-through manometric recording across sphincter of 
Oddi (SO) in a normai human subject. Upper tracing is from catheter orifice 
withdrawn across sphincter; lower tracing is recorded from intraduodenal 
catheter taped to endoscope. Margins of sphincter segment (arrows). 
Smali, ripplelike pressure fluctuations are caused by respiration. For trac- 
ing analysis, SO pressure is generally referenced to duodenal pressure as 
zero. Baseline pressure within SO is only a few mm Hg above that in the 
common bile duct, whereas basal SO pressure is about 15 mm Hg when 
referenced to intraduodenal pressure as zero. Superimposed on basal SO 
pressure are phasic pressure waves of about 100 mm Hg in amplitude. 
{Reprinted with permission from Geenen et al. [12].} 


5-8 mm Hg on manometry and phasic contractions of high 
pressure that occur at a rate of about 2-6/min [12]. The 
phasic contractions are readily demonstrated by SO manom- 
etry done at the time of ERCP examination or during laparot- 
omy, or on radiographs obtained during ERCP or T-tube 
cholangiography (Fig. 5). Although well described by radio- 
logic observation [13-15], the phasic SO contractions were 
generally ignored in physiologic texts [4, 5] until the last 
decade. In the past, controversy existed about whether or 
not the SO functioned independently of the duodenum, Three 
facts, however, support the notion that the SO has an inde- 
pendent function from that of the duodenum: (1) the SO and 
duodenum have an independent embryologic development; 
(2) some agents, such as CCK, produce an opposite effect of 
SO relaxation and duodenal contraction; and lastly (3), in 
some species, such as the opossum, the SO is largely ex- 
traduodenal and has a motor function entirely distinct from 
that of the duodenum. 

The rate of SO contractions (which are invariably antegrade 
peristaltic in the opossum) varies in synchrony with the duo- 
denal MMC cycie (Fig. 3) and is greatest after feeding. Trans- 
port of the bile across the opossum SO is mainly active, 
whereas in humans and dogs, trans-SO bile flow is mainly 
passive [8]. 

SO motor activity may be initiated or inhibited by a number 
of pharmacologic agents and hormones. A partial list of these 
agents is given in Table 1. 


Abnormal Biliary Tract Motility 


During the past decade, clinical conditions affecting biliary 
tract motility have become better recognized and understood 
because of the development of newer diagnostic techniques 
such as SO manometry and sonographic studies of dynamic 
changes in gallbladder volume and better designed investi- 
gative studies. 
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TABLE 1: Pharmacologic Agents That Influence the Motor 
Function of the Sphincter of Oddi in Humans 





Effect/Agent 
Inhibition 
Amyl nitrite 
Cholecystokinin 
Glucagon 
Secretin? 
Atropine 
Stimulation 
Gastrin 
Bethanechol 
Physostigmine 
Secretin? 
Morphine 
Demerol 








* A bolus dose of secretin produces an initial excitatory effect followed by 
inhibition. 


Sphincter of Oddi 


In the past, symptomatic disorders of SO function believed 
to cause partial common duct or pancreatic duct obstruction 
have been promulgated rather than documented by solid 
evidence. Alleged clinical entities of sphincter motor dysfunc- 
tion often were shrouded in mystery and nurtured by specu- 
lation that led to considerable controversy. These difficulties 
were promoted because suitable information was not avail- 
able to characterize normal SO motor function, let alone 
abnormalities in SO motor function. A confusing array of terms 
emerged that often were misleading and tended to retard 
clear analysis of the subject. These terms included “post- 
cholecystectomy syndrome,” “biliary dyskinesia,” and “biliary 
dyssynergia.” None of these terms is truly specific or appli- 
cable. For this reason, we have divided cryptic obstructive 
SO dysfunction into two general categories (Table 2)—mor- 
phologic SO stenosis and SO dyskinesia (or abnormal motil- 
ity). These conditions may cause biliary tract-like symptoms, 
or less commonly, idiopathic pancreatitis. 
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Fig. 5.—Antegrade peristaltic contraction of hu- 
man sphincter of Oddi (SO). Sequential radiologic 
images of common bile duct and SO during injec- 
tion of contrast medium through a T tube. Images 
obtained about 2-3 sec apart. 

A, SO segment patulous and contrast material 
flows freely into duodenum. 

B, Phasic antegrade contraction wave starts as 
a constriction (arrow) in proximal part of SO seg- 
ment and begins to propagate toward duodenum. 

C, Contraction wave (arrow) propagates toward 
duodenum. 

D, Antegrade phasic SO peristaltic contraction 
wave (arrow) has propagated half length of SO, 
but has not quite obliterated SO lumen. 


Biliary SO dysfunction.—Cryptic, partial, obstructive SO 
dysfunction may be expressed clinically as (1) unexplained 
intermittent upper abdominal pain in patients without peptic 
ulcer biliary calculi or pancreatitis of unknown cause, (2) 
transiently abnormal liver function tests, (3) common bile duct 
distension or abnormal emptying, or (4) unexplained pancrea- 
titis or abnormal SO manometric findings. At present, the gold 
standard for a definitive diagnosis is abnormal findings on SO 
manometry, generally done during ERCP examination. In 
patients with suspected cryptic biliary SO dysfunction, the 
probability of a diagnosis of abnormal SO function on manom- 
etry increases when objective findings of abnormal liver func- 
tion tests of the common bile duct are present (Table 3). 

The diagnosis of cryptic biliary SO stenosis occurs almost 
exclusively in patients categorized as group 1 (Table 3). 
Usually, the common duct is dilated on sonography (Fig. 6). 
It often is dilated during ERCP examination also (Fig. 7) and 
drains slowly (Fig. 8). The high basal SO pressure associated 
with stenosis is not reduced substantially by agents such as 
amyl nitrite, CCK, and glucagon, which normally relax SO 
smooth muscle. On manometry, SO stenosis is characterized 
by elevated basal sphincter pressures of greater than 40 mm 
Hg. Stenosis may involve all or part of the SO segment. The 
few anatomic specimens available to document idiopathic SO 
stenosis show fibrosis or mucosal hyperplasia. Possible 
causes are unrecognized passage of bile duct stones or focal 


TABLE 2: Classification of Cryptic Symptomatic Sphincter-of- 
Oddi (SO) Dysfunction 





Category/Symptom 


Stenosis (morphologic stricture) 
Basal pressure >40 mm Hg 

Dyskinesia (abnormal motility) 
SO spasm: basal pressure, >40 mm Hg 
Tachyoddia: phasic contractions, >7/min 
Paradoxic contraction response to cholecystokinin 
Abnormal propagation of phasic waves 
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Fig. 6.—Postcholecystectomy patient in 
whom sphincter-of-Oddi (SO) stenosis was di- 
agnosed subsequently on SO manometry. Son- 
ogram shows common duct dilatation of 12 mm 
(marked with electronic cursors). 
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Fig. 7.—Common duct dilatation on ERCP ex- 
amination in a patient with sphincter-of-Oddi (SO) 
stenosis. Common duct measures 14 mm. Diame- 
ter of endoscope is 12 mm. Common duct must be 
filled slowly with contrast material in order to avoid 
ballooning of duct with a false assessment of 
dilatation. Manometric catheter (arrow) is seen 
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Fig. 8.—Delayed common duct drainage in 
patient with cryptic biliary sphincter-of-Oddi ste- 
nosis. After the patient lay supine for 45 min, 
common bile duct remained dilated and negligi- 
ble contrast material drained from duct into duo- 
denum. 


within SO segment. 


TABLE 3: Groups of Patients with Suspected Dysfunction of 
the Biliary Sphincter of Oddi (SO) and the Prevalence of 
Abnormal Findings on Manometry 





SO Abnormal on 





Group Manometry (%) 
1. Liver function test and common bile 70 
duct abnormal 
2. Liver function test or common bile duct 50 
abnormal 
3. Liver function test and common bile <5 
duct normal 





Note.—Unexplained biliary tract-like symptoms are present in all groups. 


inflammation of the pancreatic head. In practice, the distinc- 
tion between SO stenosis and spasm depends on an opera- 
tional definition wherein the elevated basal SO pressure as- 
sociated with stenosis is not reduced by smooth muscle 
relaxants (Fig. 9), whereas SO spasm is substantially reduced 
by such pharmacologic agents [3]. With either SO stenosis 
or spasm, however, the phasic SO contractions are abolished 
by smooth muscle relaxants because such contractions are 
caused solely by SO circular smooth muscle contractions. 
When using amyl nitrite inhalation, it is important to determine 
that the amyl nitrite is having a satisfactory effect. The effect 
is suboptimal if the pulse rate does not increase by about 20 
or more beats per minute. 

Description of symptomatic SO dyskinesia is not limited to 
a single scenario because, like esophageal motility disorders, 
disordered SO motor function comprises a spectrum of ab- 
normalities (Table 2) caused by impaired neural or muscle 
function. The following discussion is based on information 
currently known about biliary SO dyskinesia that may involve 
either the tonic or phasic components of SO motor activity, 
or both [2]. 
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Fig. 9.—Sphincter-of-Oddi (SO) manometric recording from patient with 
biliary SO stenosis. Three sphincter recording sites show phasic sphincter 
contractions superimposed on hypertensive basal sphincter pressure of 
about 30-45 mm Hg above intraduodenal pressure (indicated by short 
horizontal lines). Amyl nitrite inhalation abolished phasic sphincter con- 
tractions but had no effect on elevated basal sphincter pressure. Failure 
of smooth muscle relaxant to substantially decrease elevated basal pres- 
sure indicates that increased pressure is caused by an organic abnormal- 
ity, such as fibrosis, rather than function sphincter spasm. (Reprinted with 
permission from Dodds et al. [3].) 


Excessive tonic contraction, or “spasm,” of the SO impairs 
common duct emptying because an increase in SO tone (1) 
retards bile from flowing passively across the sphincter seg- 
ment and (2) prevents filling of the SO segment that might 
then be emptied actively by an antegrade peristaltic contrac- 
tion. On SO manometry, patients with SO spasm have ele- 
vated SO basal pressure with normal phasic contractions. 
Although SO spasm does not appear to be caused by gentle 
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cannulation for SO manometry, vigorous cannulation with 
probes during common duct exploration at laparotomy may 
lead to sphincter spasm. On operative cholangiograms, the 
contracted sphincter may produce a filling defect in the distal 
common bile duct that looks like the meniscus sign of an 
impacted calculus (Fig. 10) but disappears after the adminis- 
tration of glucagon, which relaxes the sphincter and allows 
flow of contrast medium into the duodenum [16]. During SO 
manometry, the operational distinction between SO spasm 
and stenosis depends on the administration of agents, such 
as amyl nitrite, CCK, and glucagon, that normally relax SO 
smooth muscle. These agents substantially lower hyperten- 
sive basal sphincter pressure in SO spasm but have negligible 
effect in SO stenosis. 

Other SO motor abnormalities that may lead to obstructive 
SO dysfunction include tachyoddia, paradoxic contraction 
from CCK-octapeptide (OP) administration, and abnormal 
propagation of SO phasic contractions (Table 2). Tachyoddia 
and paradoxic SO contraction from CCK may be associated 
with SO spasm as well as a Clinical pain syndrome, while 
abnormal propagation of phasic contractions is more likely to 
be associated with common duct stones. 

Tachyoddia refers to a rapid rate of phasic SO contraction 
that exceeds the normal rate of 2-6/min. Such high rates 
severely encroach on SO diastole and thereby eliminate both 
passive and active bile flow across the sphincter. Small doses 
of morphine (e.g., 5 «g/kg IV) cause tachyoddia, whereas 
larger therapeutic doses cause sphincter spasm [17], duct 
dilatation, and delayed drainage. For this reason, abnormal 
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Fig. 10.—Pseudomeniscus sign on operative cholangiography. 

A, Sphincter of Oddi (SO) is constricted owing to spasm; meniscus sign 
(arrow) simulates distal common duct stone. Only a minimal amount of 
contrast material has gone into duodenum. 

B, After IV administration of glucagon (1 mg), SO segment relaxes and 
is fully open. 
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findings on SO manometry are suspect if the patient has been 
given opiates before ERCP examination (Fig. 11). 

A small percentage of patients with SO dyskinesia exhibit 
paradoxic contraction of the SO (Fig. 12) in response to a 
pharmacologic IV bolus dose of CCK-OP (e.g., 40 ng/kg). A 
proposed explanation is as follows: Normally, CCK inhibits 
both tonic and phasic sphincter contractions. By analogy with 
the cat SO [18], CCK’s effect on the human SO is believed 
to be mediated by stimulation of inhibitory nerves that override 
a direct excitatory effect of CCK on SO smooth muscle. In 
the presence of impaired inhibitory SO innervation, CCK 
would likely cause sphincter contraction. Impaired inhibitory 
innervation might also account for the elevation of basal SO 
pressure present in many of these patients. 

Studies from several laboratories indicate that patients with 
common duct stones exhibit a high percentage of retrograde 
phasic contractions on SO manometry, compared with mostly 
antegrade contractions in control subjects [19]. On radio- 
graphs, however, the majority of phasic SO contractions 
appear to be retrograde (Fig. 13), although some are ante- 
grade peristaltic toward the duodenum [13, 14]. The direction 
of peristaltic SO contraction is most likely determined by a 
pacemaker in the SO that can migrate to different areas of 
the sphincter. The phasic contractions are myogenic in origin 
[20], although their rate and direction are probably modulated 
by nerves and hormones. Subjects with a high percentage of 
retrograde phasic SO contractions might present with a pain 
syndrome of suspected obstructive SO dysfunction, but this 
association is rare. 

Findings on imaging studies.—On imaging studies, certain 
abnormal findings may suggest cryptic biliary SO dysfunction, 
but the findings are seldom diagnostic. During ERCP exami- 
nation, only a small amount of contrast medium should be 
injected into the common bile duct initially in order to avoid 
“ballooning” of the duct and thereby a false assessment of its 
diameter. On ERCP, common bile duct diameters of 12 mm 
or larger are considered abnormal [21]. With SO stenosis or 
spasm, the SO segment generally has an elongated or fixed 
appearance after the cannulation catheter has been with- 
drawn into the duodenum. The SO fills minimally with contrast 
material and does not exhibit any phasic contractions (Fig. 
14). Consideration should also be given to the possibility that 
sedation with opiates may cause sphincter spasm and duct 
dilatation (Fig. 11) as well as abnormal manometric findings. 
With either SO stenosis or spasm, delayed drainage of con- 
trast material from the common bile duct (Fig. 8) or pancreatic 
duct may occur. Delayed drainage is defined as failure of the 
contrast material to substantially disappear after 45 min while 
the patient lies supine. Other useful findings in patients with 
SO dyskinesia are the observations that filling of the SO 
segment, flow of contrast material into the duodenum, and 
common duct drainage improve after administration of agents 
that relax SO smooth muscle. The finding of a juxtasphincter 
diverticulum is alleged to be associated with a high rate of 
SO dysfunction or common duct stones [22]. 

Another useful imaging test for evaluating suspected SO 
dysfunction is sonography. Conventional sonography may 
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Fig. 11.—Effect of meperidine (Demerol) on sphincter of Oddi (SO) in a 
subject with normal SO function. 

A, During ERCP examination, contrast material was injected into a 
dilated bile duct. Transverse diameter of common hepatic duct measured 
27 mm, whereas that of common bile duct was 16 mm. There was no 
drainage of contrast material into duodenum, and basal SO pressure on 
manometry was 50 mm Hg. 

B, 15 min after IV administration of naloxone, a drug that aggravates 
effects of opiates. Some contrast material has now drained into duodenum; 
common hepatic duct diameter has decreased to 24 mm, whereas common 
bile duct diameter has decreased to 14 mm. Some contrast material has 
flowed into duodenum. Basal SO pressure now measures about 25 mm 
Hg. 


show bile duct dilatation of more than 10 mm in postchole- 
cystectomy patients or more than 6 mm without cholecystec- 
tomy. An even better test, however, is fatty-meal sonography, 
which is designed as a physiologic stress test for demon- 
strating partial obstruction of the distal common bile duct 
[23, 24]. This test is based on the following rationale: In the 
presence of partial distal common duct obstruction, the com- 
mon duct diameter tends to increase when bile flow is in- 
creased. For this test the common duct diameter is measured 
and the patient is then given a fatty meal consisting of 3.3 
ml/kg of corn oil (Lipomul, Mead Johnson Laboratories, Ev- 
ansville, IN). Once in the duodenum, fat releases circulating 
CCK that normally causes the reciprocal actions of gallbladder 
(when present) contraction and SO relaxation. CCK also 
increases intestinal motility and transit, thereby increasing the 
enterotropic circulation of bile acids. Thus, provided gastric 
emptying occurs, the fatty meal increases the hepatic secre- 
tion of bile, which becomes maximal at about 45 min, even 
when the gallbladder is absent. In normal circumstances, 
postprandial SO relaxation offsets the increase in bile flow, 
and the common duct diameter either diminishes or remains 
unchanged. The same holds true for a dilated nonobstructed 
bile duct. With partial obstruction, however, common duct 
diameters tend to increase 1 mm or more (Fig. 15). This test 
can be used in the presence or absence of liver disease and 
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regardless of whether or not the patient has had a cholecys- 
tectomy. Its overall sensitivity (true positive) in diagnosing 
partial distal common duct obstruction is about 85% with 
negligible false positives [23, 24]. To date, we have found 
that fatty-meal sonography has correctly identified 11 of 14 
patients with verified SO dysfunction. 

Quantitative hepatic scintigraphy evaluates the clearance 
rate of radioactive °°" Tc-diisopropyliminodiacetic acid or other 
iminodiacetic acid compounds through a region of interest 
over the hilar area of the liver or common bile duct [24, 25]. 
This test has been shown to have a modest sensitivity of 
about 83% for identifying patients with partial distal common 
duct obstruction (Fig. 16) but suffers from a false-positive rate 
of about 10-15% [26]. The test is applicable only in post- 
cholecystectomy patients with normal liver function. 

Pancreatic SO dysfunction.—In our experience, about 25% 
of patients with recurrent idiopathic pancreatitis have elevated 
basal SO pressure. Conversely, patients with chronic alco- 
holic pancreatitis nearly invariably exhibit normal findings on 
SO manometry. These findings suggest that in a subgroup of 
patients, SO dysfunction may contribute to the genesis of 
idiopathic pancreatitis. 
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Fig. 12.—Effect of cholecystokinin-octapeptide (CCK-OP) on manomet- 
ric recording from the human sphincter of Oddi (SO). 

A, Normal response of SO to CCK-OP, which abolishes phasic contrac- 
tions and reduces basal SO pressure. 

B, Paradoxical response of SO to CCK-OP in patient with suspected 
obstructive biliary sphincter dysfunction. Before CCK-OP administration, 
basal sphincter pressure was elevated. CCK-OP caused paradoxical 
sphincter contraction consisting of an increase in basal pressure and rate 
of phasic contractions. Concurrent with paradoxical sphincter contraction, 
patient experienced upper abdominal pain. Contractions of duodenum 
(Duo) from CCK-OP administration are a normal but variable response. 
(Reprinted with permission from Dodds et al. [3].) 
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Fig. 13.—Retrograde phasic contractions of human 
_ sphincter of Oddi (SO). Sequential radiographs of 
common duct and SO segment obtained about 1-2 
sec apart. Subject had no biliary tract symptoms. 
Surgical clips are from previous cholecystectomy. In 
A and C, sphincter segment is relaxed and filled, 
whereas sphincter is contracted and empty in B and 
D. 
A, SO segment is filled but passive flow of contrast 
material has not yet begun into duodenum. Onset of a 
retrograde contraction (arrow) begins that sweeps all 
of contrast material back into common bile duct. 
B, SO segment is now fully contracted as phasic 
SO contraction reaches junction of common bile duct 
and SO segment. 
C, SO segment is refilled. Before there is any pas- 
sive flow of contrast material into duodenum, retro- 
grade contraction (arrow) begins that sweeps all con- 
trast material back into common bile duct. 
D, SO segment is now contracted as retrograde 
phasic SO contraction reaches junction of common 
bile duct and SO segment. 
(Reprinted with permission from Dodds et al. [3].) 


Fig. 14.—Sequential images of sphincter-of- 
Oddi (SO) segment in a patient with verified SO 
spasm on SO manometry. Contrast material is 
seen in both a moderately dilated common bile 
duct and pancreatic duct. 

A-D, Four images obtained 8-10 sec apart are 
virtually identical in appearance. No filling or 
phasic contractions were observed in distal half of 
SO segment. Contrast material in duodenum was 
from initial unsuccessful attempts to cannulate 
common bile and pancreatic ducts. After ducts 
were cannulated and contrast material injected, no 
contrast material was seen to flow into duodenum. 
With inhalation of amyl nitrite, SO pressure fell 
from 50 to 20 mm Hg and some contrast material 
flowed into duodenum. 
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Fig. 15.—Results from fatty-meal sonography 
in a patient shown subsequently to have biliary 
sphincter-of-Oddi (SO) spasm on SO manometry. 
Majority of such patients exhibit a dilated com- 
mon duct on conventional sonography but this 
patient did not. Common duct diameter is mea- 
sured by electronic cursors. 

A, Before fatty meal, common duct measures 
3 mm. 

B, 45 min after fatty meal, common duct mea- 
sures 5 mm. Increase of more than 1 mm indi- 
cates a positive test result. 


On contrast examinations, the bile duct in patients with 
idiopathic pancreatic and SO dysfunction may show bile duct 
enlargement and delayed drainage (Fig. 17), rigidity of the SO 
segment, or typical pancreatic duct findings of pancreatitis. 
Controversy exists at present that pancreas divisum may 
cause idiopathic pancreatitis in a subset of patients. Several 
investigators have suggested a sonographic pancreatic se- 
cretin test for evaluating functional partial obstruction of the 
main pancreatic duct in pancreas divisum [27]. For this test, 
the pancreatic duct diameter is measured by sonographic 
examination before and within a few minutes after the IV 
administration of secretin (1 mg/kg) and then at about 20 min. 
An increase of pancreatic duct diameter to more than 3 mm 
that persists for 15 min or longer is taken as a positive finding 
that strongly suggests partial pancreatic duct obstruction. 
After secretin, the normal pancreatic duct generally shows 
dilatation that lasts for only 2-3 min. The value of the secretin 
test is controversial; therefore, additional studies are needed 
before any final conclusions can be reached. 

Therapy.—Current accepted therapy for patients with ver- 
ified symptomatic biliary SO dysfunction is endoscopic sphinc- 
terotomy or surgical sphincteroplasty. These procedures un- 
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Fig. 16.—Time-activity curves for region of in- 60 
terest over hepatic hilum. 

A, Control subject. At 45 min after isotope injec- 
tion (circle), clearance from peak value was 70%, 
whereas at 60 min (square), clearance was 82%. 

B, Patient with sphincter of Oddi stenosis. Time 
to peak activity of 24 min is abnormally long and 
clearance delayed. At 45 min after isotope injec- 20 
tion (circle), clearance from peak activity was only 
31%, whereas at 60 min (square), clearance was 
only 54%. Both these clearance values are 
abnormal. 0 

(Reprinted with permission from Darweesh et 
al. [26].) 
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roof the duodenal wall of the SO ampulla to create a side-to- 
side SO-duodenal fistula. On manometry, endoscopic sphinc- 
terotomy has been shown to abolish the basal SO pressure 
and attenuative phasic pressure waves [28]. A drop in com- 
mon bile duct pressure occurs with nearly complete loss of 
the common bile duct-duodenal pressure gradient. After 
sphincterotomy, contrast material injected into the common 
bile duct runs rapidly into the duodenum. The beneficial effect 
of SO sphincterotomy lasts a minimum of 1-2 years [28]. In 
one blinded randomized clinical trial, endoscopic retrograde 
SO sphincterotomy was shown to effectively relieve clinical 
symptoms in patients with biliary SO dysfunction, whereas 
sham sphincterotomy had no effect [21]. In patients with 
suspected SO dysfunction in group 1 or 2 (Table 3) and a 
positive test result on fatty-meal sonography or quantitative 
hepatic scintigraphy, sphincterotomy is probably warranted 
without SO manometry. In rare instances, SO stenosis occurs 
as a late sequela of SO sphincterotomy (Fig. 18). 
Endoscopic sphincterotomy is not effective in the treatment 
of pancreatic SO dysfunction because such sphincterotomies 
do not destroy the septum (Fig. 1) between the distal common 
bile duct and pancreatic duct and therefore do not ablate the 
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pressure gradient between the pancreatic duct and duo- 
denum. Surgical sphincteroplasty with septectomy resolves 
this problem. The efficacy of treatment by balloon distension, 
indwelling stents, or medication remains to be tested system- 
atically. 


Common Bile Duct 


Because elastic tissue is the main constituent of the com- 
mon duct wall, common duct diameter is determined by the 
rate of bile flow, intraductal pressure, and duct compliance 
[2]. The tradeoff between these factors usually keeps intra- 
ductal pressure and diameter within a narrow physiologic 
range despite the fact that bile flow varies during fasting and 
after a meal. For example, the increased common bile duct 
flow after a meal is accompanied by only a modest rise of a 
few mm Hg in intraductal pressure, or no rise at all [3]. 
Pressure may even decrease if a sufficient decrease occurs 
in SO resistance. With the gallbladder out, fasting common 
duct pressure decreases a few mm Hg and shows negligible 
change after a meal. After cholecystectomy, however, agents, 
such as morphine, that contract the SO may cause an in- 
crease in common bile duct pressure, whereas no change 
occurs when the gallbladder serves as a reservoir. Contro- 
versy exists as to whether or not common bile duct dilatation 
occurs after cholecystectomy [29]. In my opinion, convincing 
evidence does not exist to support the notion that a common 
bile duct without obstruction undergoes dilatation after cho- 
lecystectomy. 

Because the extrahepatic bile ducts are compliant, duct 
dilatation can occur with only small sustained changes in 
intraductal pressure. During slow distension, the viscoelastic 
elements undergo stress relaxation. After complete common 
duct obstruction, common duct pressure increases to only 
20-30 mm Hg above duodenal pressure. Duct dilatation is 
generally more pronounced in the extrahepatic duct than 
intrahepatic bile ducts, or dilatation may be limited to the 
extrahepatic ducts [2]. This phenomenon of preferential dila- 
tation of the common bile duct is consistent with Laplace’s 
law, wherein, with the same intraluminal pressure, wall tension 
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Fig. 17.—ERCP in a patient with idiopathic re- 
current pancreatitis. Sphincter-of-Oddi (SO) ma- 
nometry showed an elevated basal SO pressure 
that did not diminish with inhalation of amyl nitrite. 
Pancreatic duct was dilated, showed slight ectasia 
of some side branches, and drained slowly. Com- 
mon bile duct was considered to be normal. This 
patient was judged to have SO dysfunction in 
category of cryptic pancreatic SO stenosis. 


Fig. 18.—Sphincter-of-Oddi (SO) stenosis 1 
year after endoscopic retrograde sphincterotomy 
with removal of common duct stone. Distal third of 
SO segment is strictured and fixed. A jet phenom- 
enon (arrows) is seen. 


is greater in conduits of larger diameter than in those of 
smaller diameter. Thus, for a given pressure, the force for 
distension is substantially greater for bile ducts of larger 
diameter than for those of smaller diameter. In the presence 
of obstruction, the common bile duct may reach a diameter 
of 2 cm or more. After relief of obstruction, the elasticity of 
the duct usually returns its diameter to normal or nearly 
normal size. Occasionally, however, the duct may remain 
substantially dilated when its elastic fibers are permanently 
deformed. 

A dilated nonobstructed common bile duct represents a 
difficult diagnostic problem in clinical medicine. Accurate dis- 
criminating information generally can be obtained at ERCP 
examination. A useful noninvasive method, however, is fatty- 
meal sonography [26]. With this test, the normal common 
duct remains unchanged or decreases in size after a fatty 
meal, whereas the partially obstructed duct generally enlarges 
after a fatty meal. 

Choledochal cyst is an interesting congenital abnormality 
of the common bile duct that is invariably associated with an 
anomalous high insertion of the common bile duct on the 
pancreatic duct. This anatomy leads to an abnormally long 
common channel, or ampulla. Reflux of pancreatic fluid into 
the common bile duct is believed to cause generalized inflam- 
mation of the common duct and stricturing of the distal duct 
just proximal to its juncture with the pancreatic duct. These 
abnormalities are believed to cause cystic dilatation of the 
common bile duct, thereby causing a choledochal cyst. Motor 
abnormalities have been reported to occur in the sphincter of 
Oddi segment and the ampullary segment is often ectatic. 


Cystic Duct 


At present, little is known about the normal physiology of 
cystic duct function, let alone potential clinical abnormalities 
of cystic duct function. The cystic duct contains a thin layer 
of circular muscle that is known to contract in response to 
CCK and certain pharmacologic agents. Owing to the small 
diameter of the cystic duct, minimal muscle contraction is 
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needed to generate a contractile force sufficient to increase 
its resistance and alter gallbladder outflow. According to 
Poiseuille’s law, flow is proportional to the fourth power of 
diameter. Therefore, small changes in diameter are capable 
of causing major changes in resistance to flow [2]. To spec- 
ulate on clinical syndromes, differential sensitivity of the cystic 
duct and gallbladder to endogenous CCK might cause func- 
tional cystic duct obstruction, impaired postprandial gallblad- 
der emptying, and thereby postprandial pain. Other abnor- 
malities of cystic duct function might also cause impaired 
gallbladder emptying. 


Gallbladder 


Potential clinical abnormalities of gallbladder motor function 
(dyskinesia) might be characterized as either excessive con- 
traction (nyperkinesia) or impaired contraction (hypokinesia). 

Hyperkinesia.—Primary hyperkinesia of the gallbladder is 
believed to exist in some patients who allegedly exhibit an 
exaggerated gallbladder contraction in response to CCK 
[30]. This concept was developed two decades ago on the 
basis of uncontrolled studies using “CCK cholecystography.” 
To do this test, the gallbladder was opacified by oral chole- 
cystography and the subject given an IV bolus injection of 
CCK-OP (e.g., 20 ng/kg). A positive response was judged 
present when (1) the CCK reproduced the patient’s clinical 
symptoms, (2) an exaggerated gallbladder contraction oc- 
curred with nearly total emptying in 5-10 min, or (3) the 
gallbladder demonstrated a rounded configuration likened to 
a “struggling gallbladder.” This last finding was attributed to 
localized contraction of the gallbladder neck, which impaired 
emptying of the gallbladder body and fundus. Histologic ex- 
amination of the gallbladder in a small percentage of patients 
with suspected symptomatic hyperkinesia who undergo cho- 
lecystectomy may show adenomatosis. The remaining gall- 
biadders were histologically normal. These earlier studies that 
suggested a clinical entity of symptomatic gallbladder hyper- 
kinesia were not controlled, substantial gallbladder emptying 
is within the range of normal, and sonographic studies show 
that the gallbladder commonly assumes a rounded configu- 
ration during postprandial emptying. Subsequent blinded ran- 
domized studies failed to show any evidence that CCK cho- 
lecystography accurately identifies patients with cryptic symp- 
tomatic gallbladder dysfunction [31]. Increased rates of 
gallbladder emptying have also been reported in patients with 
Chagas disease [32], perhaps caused by a denervation su- 
persensitivity. 

Subsequent to sequential measurements of gallbladder 
volume by oral cholecystography, gallbladder emptying was 
measured by computerized cholescintigraphy, in which tem- 
poral changes in count rate are monitored over the gallbladder 
after the administration of a radioactive tracer that is proc- 
essed into the bile [33]. This method gives objective measures 
of gallbladder filling and fractional emptying of counts but 
requires some radiation exposure and does not measure 
gallbladder volume. During the past decade, methods have 
developed to measure sequential changes in gallbladder vol- 
ume by sonography [34]. Because the noninvasive sono- 
graphic method is without radiation, it has been used in 
pregnant women. Initially, gallbladder volume was calculated 
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by the sum-of-cylinders method, but later, it was shown that 
the simpler ellipsoid method gives equally good results [35]. 

Hypokinesia.—Gallbladder hypokinesia is manifested as an 
increase in residual fasting volume or decreased fractional 
emptying in response to a meal, CCK stimulation, or both. 

A partial list of conditions verified by scintigraphy or sonog- 
raphy that are associated with galibladder hypokinesia is 
given in Table 4. All of these conditions are alleged to have 
an abnormally high prevalence of galistones. 

Studies with quantitative gallbladder sonography have 
demonstrated that women in the second and third trimesters 
of pregnancy exhibit an abnormaily high resting gallbladder 
volume and also impaired fractional ernptying in response to 
a fatty meal [36]. An important point to emphasize is that 
gallbladder emptying in response to a meal or a 30- to 60- 
min infusion of CCK is 50% or more [6]. Bolus IV doses of 
CCK are inadequate stimuli for evaluating gallbladder empty- 
ing. Because of the short half-life of CCK blood levels after 
an IV bolus dose, active blood levels are maintained for only 
about 5-10 min. Therefore, gallbladder emptying is incom- 
plete. 

General agreement exists that the major cause for the 
genesis of gallstones is “bad bile,” that is, bile with abnormal 
ratios of cholesterol, bile acids, and phospholipids as well as 
other factors that may lead to the precipitation of cholesterol 
crystals. Increased residual volume or impaired gallbladder 
contraction to CCK or a meal (Fig. 19), however, may contrib- 
ute to gallstone formation in a subset of the patients [6]. 
Decreased gallbladder contraction might be caused by (1) a 
primary abnormality of the gallbladder musculature, (2) muscle 
impairment due to chronic cholecystitis, (3) a response to 
abnormal bile, (4) suboptimal hormonal or neural stimulation, 
or (5) circulation of an inhibiting substance. Studies in animal 
models indicate that a lithogenic diet given to prairie dogs, 
ground squirrels, or guinea pigs impairs gallbladder contrac- 
tility before the development of gallstones [3]. In patients with 
gallstones and impaired gallbladder contractility, the impaired 
gallbladder motility persists after dissolution of the gallstones. 
Extracorporeal shock-wave lithotripsy per se does not impair 
gallbladder function. 

Impairment of gallbladder emptying during pregnancy is 
believed to be caused by high leveis of circulating hormones, 
such as progesterone, that depress gallbladder smooth mus- 
cle. Vagotomy and diabetes are believed to compromise 
gallbladder emptying by interfering with excitatory autonomic 
innervation. impaired gallbladder emptying associated with 
obesity may be associated with the abnormal bile composition 


TABLE 4: Conditions Associated with Gallbladder Hypokinesia 
Manifesting as Increased Resting Volume or Decreased 
Fractional Emptying or Both 





Condition 


Pregnancy 

Gallstones 

Vagotomy 

Diabetes 

Obesity 

Hyperalimentation 

Sickle-cell disease 

Postgastrectomy 

Sprue 
snes 





Galibladder 
Emptying 


(60 min} 


Patients 
{n= 20) 


Controls 
(n= 20) 


Fig. 19.—Fractional gallbladder emptying on fatty-meal sonography in 


20 asymptomatic contro! subjects without gailstones compared with 20 
patients with galistones. Gallbladder emptying was induced by a corn oil 
meal (Lipomul, 3.3 mi/kg). Horizontal broken line indicates mean — 2 SD 
of normal. Each control subject showed 250% fractional emptying, 
whereas 14 of 20 patients exhibited impaired gallbladder emptying of less 
than 50% after a fatty meal. (Reprinted with permission from Kishk et al. 


{6}.) 


shown to be present in such individuals. Sprue is considered 
to be associated with a large fasting gallbladder and de- 
creased postprandial emptying due to an impaired elaboration 
and release of CCK by the atrophic intestinal mucosa [37]. 
These abnormalities may reverse after institution of a gluten- 
free diet. 
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Evaluation of Surgical Procedures 
for Cyanotic Congenital Heart 
Disease by Using MR Imaging 



































ECG-gated MR imaging has been shown to be effective for the diagnosis of congenital 
heart disease. In this study, we assessed its role in the postoperative evaluation of 
surgical procedures in patients with complex congenital heart disease. MR images of 
26 patients with Rastelli (five), Fontan (three), Senning (three), Damus (one), Jatene 
(eight), Waterston (four), and Potts (two) procedures were evaluated retrospectively. 
The accuracy of MR imaging was compared with that of angiography in 20 patients. The 
surgical anastomoses were identified in all patients. Patency, atresia, or hypoplasia of 
central pulmonary arteries and postoperative complications (focal stenoses of pulmo- 
nary arteries, thrombosed conduit, peri-conduit abscess) were shown. Narrowing of the 
right ventricular outflow tract and focal compression of the proximal pulmonary arteries 
were recognized as specific complications of the Jatene procedure. 

MR imaging appears to be effective in the postoperative evaluation of surgical 
procedures used for congenital heart disease. It should be considered as an alternative 
to repeated catheterization and angiography for the postoperative examination of 
children with complex congenital heart disease. 
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Previous studies have established spin-echo MR imaging as an effective, nonin- 
vasive method for evaluating congenital disease of the heart [1-7] and the great 
arteries [8-11]. When compared with echocardiography, one of the major advan- 
tages of MR imaging is its usefulness for evaluating great vessel abnormalities. 
Because a number of surgical procedures used in the treatment of cyanotic heart 
disease involve the great arteries or cardiovascular structures superior to the heart, 
MR imaging may be particularly useful in the assessment of these structures. 
Indeed, previous reports have shown the effectiveness of MR imaging for the 
evaluation of systemic to pulmonary shunts [12, 13]. The arterial switch (Jatene) 
procedure [14, 15], the Damus-Kaye-Stansel (Damus) procedure [16, 17], and the 
Rastelli procedure [18] are other surgical procedures involving structures above 
the base of the heart. The usefulness of MR imaging for evaluating these proce- 
dures has not yet been reported. 

The purposes of the current study were (1) to assess the effectiveness of spin- 
echo MR imaging in the postoperative examination of patients with surgical 
procedures in the supracardiac region for the treatment of cyanotic congenital 
heart disease; (2) to compare the accuracy of MR imaging with that of angiography 
for identifying complications of the surgical procedures, including occlusion, ste- 
nosis, and aneurysm formation of conduits and anastomoses; and (3) to compare 
MR imaging with angiography for defining the status of the pulmonary arteries 
distal to various anastomoses and conduits. 


Subjects and Methods 


Twenty-six patients with congenital heart disease and palliative or corrective surgical 
procedures (Rastelli, five; Fontan, three; Senning, three; Damus, one; Jatene, eight; Water- 
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ston, four; and Potts, two) underwent ECG-gated, spin-echo MR 
imaging. A brief description of the surgical procedures and their major 
applications is given in Table 1. Patients ranged in age from 6 months 
to 28 years (mean, 7 years). Twelve children were 3 years old or 
younger. Children under 6 years old were sedated 30 min before the 
examination with 100 mg/kg chloral hydrate (maximum total dose, 
1500 mg) orally or rectally, or nembutal 5 mg/kg (maximum dose, 
100 mg) intramuscularly. The subjects of the study were consecutive 
patients who were imaged after surgical procedures for complex 
cyanotic congenital heart disease. 

Images were acquired by using a cryogenic 0.35-T superconduct- 
ing magnet (Diasonics MT/S, Milpitas, CA) or a cryogenic 1.5-T 
superconducting magnet (General Electric Signa, Milwaukee, WI). 
images with an echo delay time (TE) of 25-30 msec were obtained. 
ECG gating was applied in all patients; the repetition time (TR) equaled 
the RR interval and thus depended on the patient’s heart rate. Images 
in the transverse plane were obtained in all patients; sagittal or coronal 
images were acquired depending on the type of surgical procedure 
{in 17 and nine patients, respectively). images with a slice thickness 
of both 5 and 10 mm were obtained in 19 patients. In the last patients 


TABLE 1: Surgical Procedures 
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imaged who had had Jatene procedures, images of 3-mm thickness 
were acquired. in seven older children and adults, the slice thickness 
was 10 mm. Angiographic studies were available in 20 of the 26 
patients. 

MR images were evaluated retrospectively by three reviewers. The 
reviewers were aware of the general diagnosis and the surgical 
procedure, but did not know the results of other imaging studies 
(echocardiography or angiography). 

The MR images were evaluated for the following features: dem- 
onstration of the shunt, conduit, or baffle; depiction of the site of 
anastomosis; definition of the central pulmonary arteries; and identi- 
fication of postoperative complications at valvar, anastomotic, and 
arterial levels. Successful studies had to meet the following criteria: 
depiction of the shunt or baffle on at least two images or in two 
different planes and direct visualization of the systemic-pulmonary 
arterial anastomosis. Patency of a shunt or conduit was determined 
by the absence of signal in the vessel lumen. 

The MR results were compared with the findings at surgery and 
angiography. Twenty of the patients had angiography to corroborate 
MR findings. In these 20 patients, MR and angiographic findings were 











Procedure Operative Description Lesion Corrected 
Rastelli Conduit from RV to MPA Pulmonary atre- 
sia, severe 
pulmonary 
stenosis 
Fontan Conduit or direct anasto- Tricuspid atre- 
mosis of right atrial ap- sia, severe 
pendage to MPA tricuspid ste- 
nosis, hypo- 
plastic RV 
Senning Surgically created baffle Transposition 
dividing the atrium into of great ar- 
systemic and pulmo- teries 
nary atrial chambers 
Damus End-to-side anastomosis Severe stenosis 
of MPA to ascending of LVOT; ob- 
Ao; shunt from Ao to structing 
MPA VSD in tri- 
cuspid atre- 
sia 
Jatene Transsection of great ar- Transposition 
teries above sinuses of great ar- 
and switching of arter- teries 
ies to opposite si- 
nuses: reimplantation 
of coronary arteries 
from aortic sinuses to 
the switched ascend- 
ing Ao 
Potts Side-to-side anastomosis Pulmonary ste- 
of descending Ao to nosis ({tetral- 
left PA ogy of Fallot), 
pulmonary 
atresia, tri- 
cuspid atre- 
sia 
Waterston Side-to-side anastomosis Pulmonary ste- 


of ascending Ao to 
right PA 


nosis (tetral- 
ogy of Fallot), 
pulmonary 
atresia, tri- 
cuspid atre- 
sia 


AAAS SI EERE TA EDIT SANE LIES NILE SEED OSERE LOPC AE LIE NT NE LIER RESE NEL EEA S EE EEEE ELEN ERASE ALES ESL S GAOT EAEE TELE DET EDN IOD NAL E LED 
Note.—RV = right ventricle; MPA = main pulmonary artery; Ao = aorta; LVOT = left ventricular outflow tract; VSD 
= ventricular septal defect: PA = pulmonary artery. 
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compared. In the remaining patients, echocardiography and surgical 
findings were used to corroborate the findings of MR imaging. 


Results 


Demonstration of Anastomoses with MR 


The shunts, conduits, or baffles were successfully imaged 
in all 26 patients. In all 26 cases, the anastomoses could be 
visualized directly on transverse images. Waterston, Potts, 
Fontan, and Damus procedures were best visualized on trans- 
verse images: images in the coronal plane generally did not 
provide important additional information. Rastelli and Jatene 
procedures were depicted on transverse and sagittal images; 
images in the sagittal plane were especially valuable for 
detecting postoperative complications (Fig. 1). 

In all but four cases, the surgical connection could be seen 
on more than one image; in these four cases, the slice 
thickness was 10 mm. The Rastelli, Senning, and Damus 
procedures were visualized longitudinally on images in the 
sagittal or coronal plane (Figs. 2 and 3). 


Comparison of MR and Angiography 


Central Pulmonary Arteries 


Pulmonary arterial segments of 20 patients were analyzed 
and compared with angiographic findings, with consideration 
of the main, left, and right pulmonary arteries as separate 
segments (Table 2). Three right and two left pulmonary arter- 
ies were diagnosed as stenotic on both MR and angiography. 
Eight pulmonary arterial segments (one right, one left, six 
main) were not visualized with MR imaging or angiography. 
On review of the patients’ surgical or autopsy reports, these 
vessels proved to be atretic in seven of eight segments. In 


yo 
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the one remaining case, a diminutive pulmonary artery was 
found during autopsy. All other pulmonary arterial segments 
were found to be normal with both techniques. 


Complications 


Table 3 summarizes the number of complications evaluated 
by MR and angiography and the number of complications 
identified by the two techniques. 

Complications were seen in all four patients who had under- 
gone the Rastelli procedure. In two patients, narrowing of the 
conduit was identified; in the third, a thrombus obstructing 
the conduit was detected with MR imaging. One of these 
patients had a stenosed right pulmonary arterial segment 
also. The fourth patient, with clinical symptoms of endocar- 
ditis, had an intramural abscess within the right ventricular 
wall (infectious pseudoaneurysm) and surrounding the con- 
duit. Two of these patients were studied with angiography, 
and the complications were detected in both. The complica- 
tions in all four patients were confirmed during subsequent 
surgery. 

Four complications of Fontan procedures were seen by MR 
in two different patients. However, only two of the four 
complications were identified by angiography. Considerable 
right atrial enlargement, with the atrial septum bulging into 
the left atrium, was present in both patients. This enlargement 
compressed the entrance of the right pulmonary veins into 
the left atrium. A thrombus adhering to the atrial septum was 
shown with MR in one of these patients. The bulging septum 
and compression of the ostium of the right pulmonary vein 
was confirmed with angiography, but the thrombus was not 
identified. The other patient had a cardiac mass that was 
diagnosed with MR imaging as a partially thrombosed pseu- 





Fig. 1.—Adjacent transverse MR images of a patient with transposition of great arteries and Jatene procedure. 
A, Aorta (A) is located posterior to main pulmonary artery (P) and compresses proximal right (RP) and left (LP) pulmonary arteries (arrows = focal 


stenoses). 


B, Aortic root (AR) is dilated and right ventricular outflow tract (asterisk) is hypertrophied. 
C, Sagittal MR image of a different patient who had undergone same procedure. Note severe right ventricular outflow tract stenosis (black arrow). C = 
carotid artery, A = aorta, asterisk = RV outflow tract, RV = right ventricle, LV = left ventricle. 
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doaneurysm measuring 6 cm in diameter and arising from the 
right ventricle (Fig. 4). The presence of a pseudoaneurysm 
was not diagnosed with angiography but was confirmed at 
subsequent surgery. 

MR imaging and angiography in a patient with the Senning 
procedure showed stenosis at the superior limit of the baffle, 
causing superior vena caval obstruction (Fig. 5). Another 
patient had pulmonary arterial hypertension after surgery. 
This was shown on MR images by enlarged pulmonary arter- 
ies and an elliptical configuration of the left ventricle, rather 
than the crescentic shape usually observed after this proce- 
dure. The ventricular septum in this patient was bowed to- 
ward the right ventricle, which is the reverse of the usual 
appearance in patients with transposition of the great arteries. 

In the patient with the Damus procedure, MR imaging 
identified a thrombus obstructing the left pulmonary artery 
(Fig. 2). This complication was not detected on angiography; 
the angiographic finding was considered as poor opacification 
of the left pulmonary artery for unknown reasons. The throm- 
bus appeared as an area of high signal intensity completely 
obstructing the lumen of the left pulmonary artery. The throm- 
bus was removed at subsequent surgery, and a follow-up 
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Fig. 2.—A-D, Transverse (A, B) and coronal 
(C, D) MR images of patient with malaligned 
atrioventricular canal and subaortic stenosis 
treated with Damus procedure (end-to-side 
anastomosis of proximal main pulmonary artery 
[P] and ascending aorta [A]). Wide communica- 
tion between two vessels is clearly shown in 
both planes (A, C). B depicts narrowing of left 
ventricular outflow tract (curved arrow) as well 
as left and right ventricular hypertrophy. Note 
pulmonary veins entering left atrium (LA). Small 
arrows on A are pulmonary valve leaflets. RV = 
right ventricle, LV = left ventricle, RA = right 
atrium, | = innominate artery, C = carotid artery. 


MR study showed no residual obstruction of the pulmonary 
artery. 

The eight patients with Jatene procedures had 15 morpho- 
logic abnormalities that were all shown with MR imaging 
(Table 1) (Fig. 1). Dilatation of the aortic root (three patients), 
supravalvar aortic stenosis (one patient), and narrowing of 
the right ventricular outflow tract (six patients) were depicted 
on MR images in all cases. These were confirmed with 
angiography in the four patients who had this study. The 
remainder had identical findings on echocardiography. Proxi- 
mal narrowing of the right and left pulmonary arteries as they 
coursed around the repositioned aorta was identified in six 
patients on transverse MR images (Fig. 1). There was com- 
plete agreement between MR imaging and angiography with 
regard to the nine abnormalities evaluated by both techniques. 
No complications were detected in the six patients with 
Waterston or Potts shunt. 


Discussion 


This study assessed the capability of ECG-gated, spin- 
echo MR imaging to evaluate surgical procedures used in the 


AJR:155, August 1990 


Fig. 3.—A-D, Transverse (A-C) and sagittal 
(D) MR images of patient with truncus arteriosus 
and uncomplicated Rastelli procedure. On trans- 
verse images, conduit (C) can be followed from 
right ventricle (RV) to its entrance into main 
pulmonary artery (P). Conduit is depicted longi- 
tudinally on sagittal image. A = aorta, LA = left 
atrium, RA = right atrium, LV = left ventricle, RP 
= right pulmonary artery, LP = left pulmonary 
artery. 
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TABLE 2: Status of Pulmonary Arterial Segments (n = 60) 








Right PA Left PA Main PA 
(n = 20) (n = 20) (n = 20) 
MR Angio MR Angio MR Angio 
Normal 16 16 17 17 14 14 
Stenotic 3 3 2 2 0 0 
Atretic 1 1 1 1 6 6 


SS 
Note.—PA = pulmonary artery, Angio = angiography. 


treatment of cyanotic congenital heart disease. In comparison 
with angiography, the results show that MR imaging can 
reliably depict the anatomy of the surgical procedures, post- 
operative complications, and the status of the central pulmo- 
nary arteries. MR imaging is as effective as angiography for 
the identification of these complications and of the status of 
the pulmonary arteries. The results suggest that MR imaging 
could be used to monitor size, patency, and eventually the 
growth of the pulmonary arteries under improved perfusion 
conditions after construction of systemic-pulmonary shunts. 
In an earlier study, Jacobstein et al. [12] reported the 
usefulness of ECG-gated MR for the evaluation of systemic- 


MR OF CYANOTIC CONGENITAL HEART DISEASE 263 





D 


pulmonary artery shunts in a study population that consisted 
mostly of patients with Blalock-Taussig and Glenn shunts. 
The current study focused on patients with Rastelli, Fontan, 
and Senning procedures, and two of the newer surgical 
techniques, namely Damus and Jatene procedures, for cor- 
rection or palliation of cyanotic congenital heart disease. 

In patients who underwent a Rastelli procedure, MR imag- 
ing displayed the conduit between the right ventricle and the 
pulmonary artery (Fig. 3) in the transverse and sagittal planes. 
The sagittal plane was found to be the most effective for 
showing the proximal anastomosis to the right ventricle and 
the distal anastomosis to the pulmonary artery. Narrowing of 
the conduit, stenosed origins of the right or left pulmonary 
arteries, and pseudoaneurysm were complications depicted 
with MR imaging. Compression of the graft by the sternum 
or other structures in an excessively narrowed space anterior 
to the right ventricle can be detected on sagittal MR images. 
Demonstration of valvular obstruction is limited with spin- 
echo MR imaging. 

The Fontan procedure creates an anastomosis between 
the right atrium and pulmonary artery; it can generally be 
done either directly between the right atrial appendage and 
pulmonary artery or with graft material between the right 
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TABLE 3: Complications: Comparison of MR and Angiography 


EEE 








MR Imaging Angiography 
Procedure Specific Complications 
No. Studied No. Identified No. Studied No. Identified 

Rastelli 4 4 2 2 Narrowing of conduit 
(n = 2), throm- 
bosed conduit (n = 
1), periconduit ab- 
scess (n = 1) 

Fontan 4 4 4 2 Aneurysmal dilatation 
of RA (n = 2), RA 
thrombus (n = 1), 
RV pseudoaneu- 
rysm (n = 1) 

Senning 1 1 1 1 Baffle stenosis (n = 1) 

Damus 1 1 1 Thrombus in left PA 
(n = 1) 

Jatene 15 15 9 9 Aortic dilatation (n = 


3), supravalvular 
aortic stenosis (n = 
1), narrowing of 
RVOT (n = 6), 
proximal PA steno- 
sis (n = 6) 





Note.—RA = right atrium; RV = right ventricle; PA = pulmonary artery; RVOT = right ventricular outflow tract. 





At B 





Fig. 4.—A-C, Transverse MR images of patient with tricuspid atresia and Fontan procedure. Right atrium (RA) is markedly enlarged, with atrial septum 
(arrowhead) bulging toward left and compression of entrance of pulmonary veins (arrow) into left atrium (LA). Conduit (C) originates from right atrium and 
enters the pulmonary artery (P). Phase-encoded imaging indicated slow flowing blood within a partially thrombosed pseudoaneurysm (asterisk) anterior 


to right ventricle. A = aorta. 


atrium and pulmonary artery [19, 20]. Infrequently a valve 
may be included in the anastomosis. One recent report has 
described the effectiveness of MR imaging for the postoper- 
ative evaluation of the Fontan procedure [21], showing pa- 
tency of the anastomosis and the size of the central and hilar 
pulmonary arteries. Complications [22] of this operation in- 
clude conduit obstruction, residual atrial septal defects, and 
systemic venous hypertension. Residual septal defects, how- 
ever, may not be recognized with MR imaging and require 
Doppler or color flow echocardiography or angiography for 
detection and quantification. In the current study, an unusual 
complication, a pseudoaneurysm surrounding the anastomo- 


sis, was characterized by a signal void within it due to flowing 
blood, along with some thrombus. This complication can be 
distinguished with MR imaging from hematoma and thrombus 
by using phase display images to identify the motion of blood 
[23]. 

The Damus-Kaye-Stansel procedure [16, 17], which is done 
for palliation of severe obstruction to aortic blood flow, entails 
an anastomosis that is constructed between the end of the 
transsected proximal main pulmonary artery and the side of 
the intact ascending aorta. Blood flow to the lungs is main- 
tained by a shunt from the aorta to the distal pulmonary artery 
or its main branches. Stenosis of the anastomosis is the most 
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Fig. 5.—A-D, Transverse (A-C) and sagittal 
(D) MR images of patient with transposition of 
great arteries and Senning procedure. Baffle (ar- 
rowheads) is visualized on images A-C extend- 
ing craniad to caudad. Pulmonary veins (straight 
solid arrows) enter portion of atrium outside baf- 
fle. Baffle redirects flow from superior and infe- 
rior vena cava into systemic atrial chamber, 
which drains (straight open arrow) into left ven- 
tricle (LV). Note narrowing of superior limb of 
baffle on transverse (asterisk) and on sagittal 
(curved arrow) images. RV = right ventricle. 


common complication [24]. MR images in the transverse and 
coronal planes seem to be the most effective for depicting 
the anastomosis (Fig. 2). However, further experience is 
needed to assess the role of MR imaging in the evaluation of 
this procedure. 

The Jatene procedure [14, 15, 25], or arterial switch oper- 
ation, is an anatomic correction of transposition of the great 
vessels performed by transsecting both great arteries and 
connecting the proximal pulmonary artery to the sinus portion 
of the aorta and the proximal aorta to the sinus portion of the 
pulmonary artery. MR images in the transverse and sagittal 
planes are effective to assess the great vessel morphology 
after the Jatene procedure. Postoperatively, the aorta is sit- 
uated posterior to the main pulmonary artery and between 
the right and the left pulmonary artery, sometimes resulting 
in diffuse as well as focal narrowing at the origin of the right 
and left pulmonary arteries (Fig. 1). This is shown with MR 
imaging. Because arteries are small in patients who undergo 
this procedure in the neonatal period, thin sections (3 mm) 
are useful. Other complications of the Jatene procedure are 
obstruction of the right ventricular outflow region (Fig. 1C) 
and/or the supravalvular portion of the new pulmonary artery 
at the site where the coronary arteries were removed, and 
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supravalvular aortic stenosis [14, 15, 25]. Coronary arterial 
stenosis or occlusion also may occur after the Jatene proce- 
dure, but the diagnosis of these complications is beyond the 
current capability of MR imaging. 

The Senning procedure [26] is used to correct transposition 
of the great arteries by creating a baffle that divides the atrium 
into a systemic and pulmonary atrial chamber, rerouting the 
blood from the superior and inferior vena cava to the left 
ventricle. The blood from the pulmonary veins is channeled 
into the right ventricle, thus reestablishing a normal circulatory 
route. The baffle can be visualized on transverse and sagittal 
MR images, and the most frequent complication, obstruction 
of the superior limb of the baffle near the connection to the 
superior vena cava, was shown with MR imaging in this study 
(Fig. 5) and in a prior report [27]. However, depiction of baffle 
leaks may not be recognized with spin-echo MR imaging. 

This study shows that MR imaging is effective in the 
postoperative evaluation of patients with cyanotic congenital 
heart disease. It may obviate angiography in many cases, but 
further experience is needed to establish this notion. The role 
of MR imaging relative to echocardiography has yet to be 
determined. This was not the focus of the current study, but 
will be interesting to evaluate in the future. MR imaging 
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depicts the great vessels and the supracardiac region as 
effectively as intracardiac morphology, which makes it partic- 
ularly useful in the current population of patients. MR studies 
of infants have become feasible with reduction of slice thick- 
ness to 3 mm without a critical decrease in signal-to-noise 
ratio. However, in critically ill patients needing life-sustaining 
equipment, MR imaging may not be a realistic consideration, 
whereas echocardiography is effective. Cine MR imaging [28, 
29], especially the new velocity-encoded technique, may sig- 
nificantly broaden the spectrum of MR diagnoses already 
possible by adding information on valvular lesions and flow 
characteristics. 
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The Significance of Necrotic 
Mediastinal Lymph Nodes on CT 
in Patients with Newly Diagnosed 
Hodgkin Disease 

















Necrosis in lymph nodes shown on CT in many patients with nodal metastases may 
indicate that the primary tumor is aggressive and has a high degree of malignancy. 
However, the significance of nodal necrosis in patients with mediastinal Hodgkin disease 
remains uncertain. We studied the thoracic CT scans of 76 patients who had newly 
diagnosed Hodgkin disease with mediastinal involvement with respect to the presence 
of necrosis (low attenuation, compiex, fluidlike areas), the size and volume of the mass, 
the sites involved, extension (“E” disease), and the patients’ clinical response to 
treatment. CT scans showed necrotic nodes in 16 patients (21%). The difference 
between these patients and those without necrotic nodes was not Statistically significant 
with respect to sex, age, stage, distribution of disease, presence of E disease, cell type, 
mass diameter, or the presence of bulk disease (mass diameter/maximal thoracic 
diameter = 0.33). The mass volume as measured by CT was not significantly (p = .08) 
larger (1274 cm’) than the group without necrotic nodes (876 cm’). An analysis of the 
various mediastinal sites invoived showed no difference between patients with and 
without necrotic nodes. Lastly, the presence of necrotic nodes had no significant impact 
on patients’ clinical response to treatment or survival. 

The presence of mediastinal necrotic nodes appears to have little radiologic or 
prognostic significance in patients with newly diagnosed Hodgkin disease. 
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Necrosis in nodal metastases from untreated neoplasms may indicate that the 
tumor is aggressive and has a poor prognosis [1]. Nodal necrosis, appearing as 
low-attenuation, complex, cystic areas on CT scans (average, 10-27 H), is seen 
commonly in patients with newly diagnosed mediastinal Hodgkin disease; however, 
its significance is uncertain. We studied the thoracic CT scans of 107 newly 
diagnosed, untreated patients with Hodgkin disease with attention to the presence 
and extent of mediastinal disease, extension of the tumor, and bulk of disease as 
well as to the clinical stage and cell type of the tumor and the age and sex of the 
patients. The response to treatment and survival of patients with necrotic nodal 
disease found on their initia) CT examination were compared with the overall 
survival and the disease-free survival of patients with no evidence of necrosis. We 
assumed that the radiolucent cystic changes in these involved mediastinal lymph 
nodes represented necrosis. However, histopathologic correlation was not obtained 
in any patient, and the nodal radiolucency with 10-27 H attenuation values may be 
due to other causes. 


Subjects and Methods 


One hundred seven consecutive patients (18 years of age and older) with recently 
diagnosed Hodgkin disease were examined at two large institutions (73 patients from Walter 
Reed Army Medical Center and 34 patients from Fitzsimons Army Medical Center} by using 
both chest radiographs and thoracic CT. in all patients, the radiologic studies were performed 
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before treatment was started and with informed consent under the 
auspices of the human use committee. CT scans were obtained on 
high-resolution CT scanners with 10-mm contiguous sections during 
the IV bolus administration of contrast material. 

The CT scans were evaluated by an experienced radiologist. The 
radiologic and clinical data from all patients were reviewed to deter- 
mine the stage of disease and type of treatment. Staging was based 
on the results of the history, physical examination, laboratory data, 
histopathologic studies, and the available radiologic studies (including 
chest radiographs, abdominal and thoracic CT, and, as necessary, 
bone scans, and lymphangiograms). 

The locations of mediastinal lymph nodes evaluated with CT were 
anterior mediastinal, internal mammary, pretracheal (to include para- 
tracheal), subcarinal, aortopulmonary window, posterior mediastinal, 
hilar, and paracardiac (cardiophrenic angle). A node 1 cm or larger in 
diameter was considered abnormal. Pulmonary extension was con- 
sidered to be present when a mediastinal mass was seen to inter- 
digitate with the pulmonary parenchyma. In addition, the presence of 
pulmonary nodules was noted. Pleural involvement was considered 
present when a pleural mass was seen. Chest wall invasion was 
considered present when chest wall destruction or a mass was 
present or when a mediastinal mass protruded into the chest wall 
beyond the confines of the thoracic cavity with obliteration of the 
pleural fat line. Involvement of the pericardium was considered pres- 
ent when thickening of 5 mm or more occurred or when there was 
direct extension of a nodal mass around the heart. Pleural or pericar- 
dial effusion alone was not considered evidence of pleural or pericar- 
dial involvement. Patients with extralymphatic disease are given an 
“E” designation. 

The site and pattern of mediastinal nodal involvement of those 
patients with necrotic lymph nodes were compared with a computer 
model derived from all patients with mediastinal Hodgkin disease [2]. 
The courses of treatment selected for each patient were tailored 
primarily by the clinical stage. This treatment generally involved 
radiotherapy for disease localized to the mediastium and chemother- 
apy or combined therapy for more extensive disease [3]. The patients’ 
initial treatment did not differ on the basis of the presence or absence 
of necrotic mediastinal adenopathy. Bulk disease was defined as 
present when the ratio of the maximal nodal diameter to the maximal 
thoracic diameter equaled or exceeded 33%. 

Patients with and without necrotic nodes were compared by using 
the chi-square test for association for the categorical variables and t 
tests for the continuous variables. The survival and length of remis- 
sion for both groups are presented as Kaplan-Meier estimates and 
compared by using the log rank test. These patients were followed 
up Clinically for 4-9 years. 
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Results 


Seventy-six (71%) of the 107 patients with newly diagnosed 
Hodgkin disease had thoracic involvement. All 76 had me- 
diastinal adenopathy; 16 (21%) had necrosis of at least a 
portion of their nodal disease as shown by thoracic CT (Figs. 
1-3). The distribution of disease, cell type, mean age, sex 
distribution, and clinical stage represent a cross-section of 
Hodgkin patients with mediastinal involvement (Table 1). Ex- 
tralymphatic or “E” disease was found in 26%, and bulk 
adenopathy was discovered in 33%. 

No statistically significant differences were found between 
patients with necrotic lymph nodes shown on CT and those 
without necrosis. Men predominated in both groups (75%). 
The average age at presentation (25 years) was the same. 
The majority of the 16 patients (79%) with evidence of necro- 
sis had a nodular sclerosing cell type of Hodgkin disease. 
Thirty-one percent had bulk disease, and one fourth (25%) 
had local extension. The distribution of stages reflects the 
pattern of the total group with mediastinal disease. No patient 
with necrotic nodes had stage IIIB disease; this probably 
reflects an insufficient total number of patients studied in this 
series. 

The average diameter of the nodal mass was 9.5 cm for 
the 16 patients with necrosis vs 8.5 cm for the entire group 
of 76. This difference, however, was not significant. The nodal 
mass volume as measured on CT scans was not significantly 
greater (p > .05) for the necrotic node group (1274 cm? vs 
876 cm’). 

The site and pattern of involvement in all 76 patients with 
mediastinal disease was determined by means of an elaborate 
computer model [2]. When the subset of 16 patients with 
necrotic mediastinal adenopathy was compared with this 
model, no statistically significant differences were found. Spe- 
cifically, the proportion and pattern of anatomic sites involved 
did not vary significantly between the two groups. 

The response to treatment of the 16 patients with CT 
evidence of lymph-node necrosis was compared with the 
response of the entire group. No statistically significant differ- 
ences were found. Specifically, patients with necrotic medias- 
tinal lymph nodes had no difference in their length of remission 


Fig. 1.—CT scan of 20-year-old man with 
stage IIA nodular sclerosing Hodgkin disease 
shows a large, relatively radiolucent area in an 
anterior mediastinal nodal mass. With a CT re- 
gion-of-interest number of 10-12, this radiolu- 
cency was presumed to represent necrosis. 
Right hilar and subcarinal adenopathy were iden- 
tified on other scans. 


Fig. 2.—CT scan of 20-year-old man with 
stage IVB Hodgkin disease shows a large area 
of radiolucency in an anterior nodal mass. 
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Fig. 3.—A, CT scan of 20-year-old man with 
stage IVA nodular sclerosing Hodgkin disease 
shows a complex necrotic anterior mediastinal 
mass. Average CT number was 27 for necrotic 
areas (1) vs 77 for nonnecrotic nodes (2) and 52 
for chest wall muscles (3). 

B, Follow-up CT scan made months later 
shows involution of adenopathy. No necrotic 
component is present in residual mass. 


A 
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TABLE 1: Comparison of Patients With and Without Necrotic Lymph Nodes 





% of Patients With 


% of Patients With 


% of Patients Without 





Mediastinal Disease Necrotic Nodes” Necrotic Nodes‘ p venue 
Sex 322 
Male 65 75 62 
Female 35 25 38 
Cell type 800 
Nodular sclerosing 82 79 83 
Mixed cellularity 14 14 13 
Lymphocyte depleted 4 7 3 
Clinical stage 504 
| 4 6 3 
IIA 34 37 33 
1B 18 25 17 
INA 11 6 12 
IIIB 9 0 12 
IVA 9 19 > 
IVB 14 6 17 
Extension 26 25 27 
B-disease 42 31 45 322 


Bulk disease 34 


Note.—Mediastinal lymph nodes with areas of complex cystic radiolucency on CT (average H 10-27) were termed necrotic 
3N = 76, mean age = 25.5 years, mean mass diameter = 8.5 cm, mean mass volume = 876 cm*. 

? N = 16, mean age = 25.5 years, mean mass diameter = 9.5 cm, mean mass volume = 1274 cm? 

“N = 60, mean age = 25.5 years, mean mass diameter = 8.2 cm, mean mass volume = 796 cm°. 

€ Ratio of maximal mediastinal mass width to greatest thoracic diameter greater than or equal to 33%. 


(Fig. 4, p = .35) and in their overall survival (Fig. 5, p = .25) 
compared with those without necrosis. 


Discussion 


Nodal necrosis in most patients with carcinomas, many 
sarcomas, germ cell tumors, metastatic thyroid cancers, and 
lymphoproliferative disorders generally indicates rapid malig- 
nant growth with resultant central ischemia and necrosis [1, 
4, 5]. Inflammatory and hyperplastic nodes tend to grow more 
slowly and undergo ischemia and necrosis less often. Rapid 
infiltration of the nodal medulla by neoplastic cells leads to 
obstruction of lymph flow, propagation of cancer cells to other 
nodal chains, and necrosis [1]. Rapid growth also may cause 
the central portion of the nodal mass to outgrow its blood 
supply. Because of the association of neoplastic infiltration 
and nodal necrosis and the relative absence of necrosis in 


purely hyperplastic nodes, any lymph node with central ne- 
crosis must be considered pathologic [1, 6, 7]. This is espe- 
cially true for enlarged, multiple nodes with ill-defined margins 
and evidence of local fibrosis and invasion [6]. 

In younger men, necrotic thoracic or abdominal lymph 
nodes suggest metastatic disease from a tumor of the testis 
[8]. Cystic metastases in these patients suggest that more 
mature teratomatous elements are present. This association 
has caused some authors [8] to recommend that the presence 
of a low-attenuation pulmonary or mediastinal mass in a 
young man should prompt a search for a primary testicular 
neoplasm. 

However, nodal necrosis in patients with untreated Hodgkin 
disease has not been described commonly in the literature. 
Indeed, some authors [9] have found a lack of necrosis in 
enlarged lymph nodes in patients with cervical lymphomas 
suggestive of Hodgkin disease. Although unusual, untreated 
patients with mediastinal Hodgkin disease have been found 
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Fig. 4.—-Graph shows Kaplan-Meier survivor function estimate. Length 
of remission (days) is shown for those patients with presumed necrotic 
nodes (©) vs those without ("). Difference betweeen two groups is not 
Statistically significant. 
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Fig. 5.—Graph shows Kaplan-Meier survivor function. Overall survival 
time (days) is shown for those patients with presumed necrotic nodes (©) 
vs those without (*). Difference between two groups is not statistically 
significant. 


with thymic cysts [10-13], which could be confused with 
necrotic lymph nodes. Thymic involvement without necrosis, 
however, is more common; it is found in 14% of patients with 
newly diagnosed Hodgkin disease [14]. Thin-walled, water- 
density thymic cysts frequently are found after radiotherapy 
(15, 16]. 

Oliver et al. [17] have reported necrotic nodes shown by 
CT in patients with abdominal lymphoma. Of their 125 pa- 
tients, 26% initially had nodal necrosis; all responded favor- 
ably to treatment. Nodal necrosis is common in Hodgkin 
patients after treatment is started [17]. Affected nodes fre- 
quently become increasingly radiolucent during treatment, 
regardiess of whether chemotherapy or radiotherapy is used. 
Nodal necrosis in these patients may be caused by involution 
and fatty replacement, indicating a favorable response to 
treatment [17]. 

Pathologically, necrosis is common in the more sclerotic 
forms of Hodgkin disease [18]. These necrotic areas range 
from minute foci of fibrinoid necrosis to large areas of granular 
tissue destruction containing necrotic cells. Necrosis is seen 
most commonly in the nodular sclerosing and mixed cellularity 
cell types of lymphoma and is not seen in the lymphocyte 
predominant variety. Nodal necrosis is most extensive in the 


nodular sclerosing variety; because of the near universal 
presence of necrosis in these patients, it may be a part of the 
evolution of nodular sclerosing disease from the cellular to 
the sclerotic phase [18]. 

We emphasize again our assumption that the nodal radio- 
lucent cystic changes in these 16 Hodgkin patients represents 
necrosis. However, histopathologic correlation was not ob- 
tained in any patient, and the radiolucency with 10-27 H 
attenuation values may be due to other causes. Each of the 
16 patients with apparent “necrotic” nodes had solid-appear- 
ing mediastinal lymph nodes in other areas. 

In conclusion, our data suggest that necrotic, cystic-ap- 
pearing mediastinal lymph nodes are a common finding in 
newly diagnosed Hodgkin disease, occurring in 21% of cases. 
We were unable to detect any difference between patients 
with this nodal appearance and those patients with only solid- 
appearing mediastinal lymph nodes. The presence of cystic 
appearance of mediastinal lymph nodes on thoracic CT scans 
in patients with newly diagnosed Hodgkin disease most likely 
represents ischemia and necrosis from a rapidly growing 
lymphomatous process. This appearance of mediastinal ade- 
nopathy does not affect overall survival or length of remission. 
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Pictorial Essay 


MR Imaging of Fat in and Around the Heart 


J. Scott Kriegshauser,’ Paul R. Julsrud, and Jeffrey T. Lund 


MR imaging is useful for characterizing collections of fat in and 
around the heart. This article illustrates the MR appearance of 
pericardial fat, epicardial and periaortic fat, intramural fatty in- 
volvement and intracavitary fat, with emphasis on the distinctions 
between fatty and nonfatty tumors. 


MR imaging of the heart has proved useful for character- 
ization of fatty tissue in and around the heart [1, 2]. The 
clinical importance of fatty lesions usually relates to their 
echogenicity during echocardiography, where they appear to 
be either a mass or an infiltrative process. The correct diag- 
nosis often can be made or strongly suspected with echocar- 
diography, but MR imaging can help clarify their fatty nature 
and exclude nonfatty tumors, which are much more sig- 
nificant. 

Spin-echo (SE) sequences with a short repetition time (TR) 
and short echo time (TE) show fat as having characteristically 
high signal intensity and are generally adequate to distinguish 
fat from other soft tissues. These relatively T1-weighted 
sequences show anatomy well and can be obtained quickly. 
Long TR/long TE (relatively T2-weighted) sequences show 
fat as having intermediate intensity and can be confirmatory, 
especially in equivocal cases. Comparison with subcutaneous 
and mediastinal fat is often helpful. Normally, there is minimal 
variation in the intensity of fat in different regions. Chemical- 
shift and fat-suppression techniques may be useful, but they 
are generally not necessary. Cardiac gating is required when 
imaging around the heart, and the TR depends on the heart 
rate. 


Pericardial Fat 


A localized accumulation of pericardial fat is quite common 
and may be difficult to distinguish echocardiographically from 
thickening of the right ventricular wall or from a mass. The 
echocardiogram of the patient in Figure 1 indicated apparent 
thickening of the pericardium and tumor could not be ex- 
cluded. Clinically, chronic pericarditis was present. Both CT 
and MR imaging clarified the presence of prominent pericardial 
fat. Another case with prominent pericardial fat is shown in 
Figure 2. The fat is also well delineated with the chemical- 
shift technique (Fig. 2B) described by Dixon [3], but the short 
TR/short TE technique in Figure 2A was sufficient. 


Epicardial and Periaortic Fat 


Fat can be prominent around the aortic root and within the 
atrioventricular grooves, as seen in Figure 2. At times, the fat 
can be globular, suggesting a mass echocardiographically. 
This is common in our experience, particularly when the 
epicardial fat in the atrioventricular groove meets the periaor- 
tic fat. The true nature of the “mass” can be determined with 
MR imaging, as is illustrated by two cases (Figs. 3 and 4). In 
the first patient, there was apparent thickening along the 
anterior wall of the aortic root during echocardiography, sug- 
gesting a calcified plaque or thrombus. In the other patient, 
echocardiography initially led to the diagnosis of a cardiac 
tumor because of the presence of an echogenic mass in the 
superior left atrioventricular groove. 
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Fig. 1.—Anterior pericardial fat pad. 

A, Unenhanced CT scan shows lobulated ante- 
rior pericardial fat pad. Pericardium is well visual- 
ized between pericardial and epicardial fat. 

B, Transverse MR image (SE 300/25, cardiac 
gated, 1.5 T) corresponding to A shows high-inten- 
sity lobulated pericardial fat pad and low-intensity 
pericardium between pericardial and epicardial 
fat. The advantage of MR over CT is better evalu- 
ation of the myocardial wall and cardiac chambers, 
excluding a coincidental cardiac mass. 





Fig. 2.—Pericardial fat pad and fat in atrioven- 
tricular groove. 

A, Transverse MR image (SE 1000/20, cardiac 
gated, 1.5 T) shows prominent pericardial fat pad 
anteriorly and fat in right atrioventricular groove 
extending up between right atrium and right ven- 
tricular outflow tract. Signal is of high intensity and 
matches signal from subcutaneous fat. 

B, Image from series using Dixon chemical-shift 
technique at same level as A. Note well-delineated 
fat in right atrioventricular groove and along peri- 
cardium. 














Fig. 3.—Periaortic and atrioventricular groove fat. Fig. 4.—Periaortic and atrioventricular groove 
A, Transverse MR image (SE 677/30, cardiac gated, 0.15 T) shows globular fat collection anterior fat. Transverse MR image (SE 908/30, cardiac 
to aortic root in superior aspect of right atrioventricular groove. This has the high signal intensity of gated, 0.15 T) through aortic root shows globular 


fat. collection of high-intensity fat adjacent to aortic 
B. Transverse MR image slightly below level in A shows fat anterior and lateral to aortic valve and root near origin of left coronary artery in superior 
within right atrioventricular groove. left atrioventricular groove. 


Fig. 5.—Lipomatous hypertrophy of atrial sep- 
tum. 

A, Sagittal MR image (SE 800/40, cardiac gated, 
0.15 T). Homogeneous high-intensity signal indi- 
cates fat diffusely involves and enlarges interatrial 
septum. 

B, Transverse MR image shows superior aspect 
of lipomatous hypertrophy of atrial septum. Supe- 
rior vena cava inflow tract is narrowed and high- 
intensity fat is adjacent to root of aorta. 
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Fig. 6.—Lipomatous hypertrophy of atrial septum. 












C 


A, Anteroposterior tomogram shows prominence of right heart border (arrows). Other tomographic levels excluded a right hilar mass. 
B, Transverse MR image (SE 672/30, cardiac gated, 0.15 T) shows high-intensity fatty tissue involving atrial septum and part of right atrial free wall, 


accounting for prominence noted in A. 


C, Sagittal MR image (SE 672/30, cardiac gated, 0.15 T) shows high-intensity fatty mass involving atrial septum. 


Intramural Involvement 


Lipomatous hypertrophy of the atrial septum can appear 
as diffuse enlargement of the septum or as a mass within the 
atrial septum [1, 2]. The right atrial free wall may be involved 
also. In the case in Figure 5, diffuse enlargement of the atrial 
septum seen echocardiographically was thought to be due to 
fat. However, because of the extent of involvement, liposar- 
coma could not be excluded. MR imaging showed the ho- 
mogeneous fatty nature of the septal hypertrophy, making 
liposarcoma unlikely (Fig. 5). Follow-up echocardiography 1 
year later showed no change. Another patient had prominence 
of the right heart border on a chest radiograph and tomograms 
(Fig. 6A). Echocardiography revealed a mass within the atrial 
septum that was thought to be due to lipomatous hypertro- 
phy, but tumor could not be excluded. MR imaging demon- 
strated the fatty nature of the mass and also showed diffuse 
involvement of the right atrial free wall (Figs. 6B and 6C). 
Follow-up echocardiography showed no change after 6 
months. 

Diffuse fatty infiltration of the right ventricular free wall can 
be seen idiopathically and has been associated with arrhyth- 
mias. Echocardiography showed prominent echogenicity in 
the anterior right ventricular wall in one of our patients; a 
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Fig. 7.—Fat in right atrioventricular groove and right ventricular free 
wall. Transverse MR image (SE 75/20, cardiac gated, 1.5 T) shows high- 
intensity fatty tissue filling in right atrioventricular groove and extending 
into region of right ventricular free wall. Levels and involvement are similar 
to those in Figs. 2 and 3B. In this case, a mass is excluded but MR imaging 
alone cannot definitely distinguish a fatty right ventricular wall from prom- 
inent epicardial fat. This difficulty is due to the thin right ventricular wall 
and the common occurrence of prominent epicardial and pericardial fat in 
this region. Also note globular fat intensity in atrial septum. Ascites and a 
small pericardial effusion are present (better seen at other levels). 
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Fig. 8.—Right atrial lipoma. 
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A, Transverse MR image (SE 1034/20, cardiac gated, 1.5 T) shows high-intensity fatty tumor filling right atrium, extending to tricuspid valve. Prominent 


epicardial and mediastinal fat is present. 


B, Transverse MR image (SE 1034/20, cardiac gated, 1.5 T) above level shown in A. Right atrial fatty mass is shown to be contiguous with and probably 
originates from a fatty replaced portion of right atrial free wall. Pedunculated appearance of this fatty mass led to radiologic diagnosis of lipoma. 
Pathologically, a capsule, as seen with true lipomas, was not present. Fetal fat cells, usually seen with lipomatous hypertrophy of atrial septum, also were 


not present. 


C, Coronal MR image (SE 1034/20). Signal intensity within mass is similar to that of mediastinal fat. 


mass was suspected. MR imaging showed diffuse fatty infil- 
tration in the region of the right ventricular free wall (Fig. 7). 


Intracavitary Fat 


We have encountered one case in which an intraluminal 
mass was successfully characterized as a lipoma on the basis 
of signal intensities on MR images (Fig. 8). A portion of the 
right atrial free wall also was infiltrated with fat (Fig. 8B) and 
appeared to be the origin of the mass. These findings were 
confirmed at surgery. Echocardiographically, the mass was 
thought to be a right atrial myxoma. 

Intraluminal fatty tumors generally are extensions or protru- 
sions from lipomatous hypertrophy of the atrial septum. True 
lipomas within the heart are characterized histologically as 
having a capsule and tend to be small, whereas lipomatous 
hypertrophy of the septum does not have a capsule and can 
be large. Lipomatous hypertrophy generally has a diffuse 


component involving the wall (Fig. 6B), and fetal fat cells are 
usually found histologically. Radiologic features distinguishing 
lipomas from lipomatous septal hypertrophy have not been 
described [4]. 

Cardiac liposarcomas are extremely rare and the histologic 
features reported would most likely not be characterized as 
homogeneous fat with MR imaging. 
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Case Report 





Rounded Atelectasis Caused by Histoplasmosis 


Agata Stancato-Pasik,’ David S. Mendelson,’ and Zvi Marom? 


Rounded atelectasis is an unusual form of subpleural lung 
collapse that has been described mostly in association with 
asbestosis; a few instances of other causes of pleural disease 
that provide the basis for this entity have been documented 
[1]. We present a case of rounded atelectasis developing in 
the setting of pulmonary histoplasmosis, which is a rare cause 
of pleural disease [2]. 


Case Report 


A 37-year-old man had a 3-month history of intermittent hemop- 
tysis, which for 2 days had been associated with wheezing and 
coughing. Results of physical examination and laboratory tests were 
within normal limits. He denied asbestos exposure. His medical 
history was remarkable for pulmonary histoplasmosis diagnosed 18 
years earlier on the basis of rising serologic titers. Reportedly, the 
chest radiograph revealed hilar lymphadenopathy, a poorly defined 
parenchymal opacity abutting the pleura of the right lower lobe 
posteriorly, and a moderate right-sided pleural effusion. Workup 
during the initial hospitalization included thoracentesis. Results of 
cytologic studies were normal, and smears for acid-fast bacilli and 
cultures for fungi, bacteria, and acid-fast organisms performed on the 
fluid were all negative. No treatment was instituted, and the patient 
remained asymptomatic until the present admission. 

Serial chest radiographs obtained at regular intervals between the 
initial illness and 3 months before this admission showed stability in 
size and contour of the 3-cm parenchymal density in the right lower 
lobe. Approximately 1 year after aspiration of the right-sided pleural 
effusion, right-sided pleural disease developed, which was shown on 
radiographs as blunting of the costophrenic angle and pleural thick- 
ening along the lower aspect of the right lateral chest wall. 

A chest radiograph obtained during the present hospitalization 
showed no appreciable change from the earlier studies (Figs. 1A and 
1B). Contrast-enhanced CT showed extensive pleural thickening at 
the right lung base and an adjacent 3.5-cm cavity containing a small 
calcific focus (Fig. 1C). Soft-tissue density enveloped the granuloma, 


and a curvilinear shadow extended from the pleurally based mass 
toward the right hilum (Fig. 1D). In addition, calcified hilar lymphade- 
nopathy was present bilaterally, more notably on the right side. 
Findings on radiographs were consistent with rounded atelectasis in 
association with old granulomatous disease. The patient had no 
recurrence of hemoptysis while hospitalized, and his cough resolved. 
The patient has been followed up for 14 months on an outpatient 
basis, and he has remained asymptomatic. 


Discussion 


Rounded atelectasis is a relatively uncommon form of pul- 
monary collapse that appears on chest radiographs as a 
homogeneous parenchymal opacity up to 5 cm in diameter. 
This lesion is invariably pleurally based and most often is seen 
along the posterior surface of a lower lobe. 

First described by Loeschke [3] in 1928, this entity has 
been investigated by several authors, and theories about its 
pathogenesis have been proposed. It was initially thought 
that a pleural effusion large enough to cause separation of 
the visceral and parietal pleurae was necessary to cause 
rounded atelectasis. In such a setting, the basal lower lobe 
margin is elevated by the pleural effusion; the folding of the 
lung caused by this elevation results in two surfaces of 
visceral pleura coming in contact with each other. Fibrinous 
sediments subsequently form adhesions that fix the tilted 
margin to the adjacent lung tissue. As the effusion resolves, 
hyperaeration of the adjacent lobe engulfs the fixed, atelec- 
tatic portion of lung and its associated bronchovascular bun- 
dle. The vessels and bronchi curve into the atelectatic lesion, 
usually entering its anterior inferior margin [4]. 

More recently, an alternative explanation has been elabo- 
rated. Histopathologic studies support the theory that the 
primary event is fibrosis of the superficial layer of the visceral 
pleura [4]. The chronically diseased pleura invaginates into 
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the lung parenchyma, causing collapse of the adjacent por- 
tion, and thus gives rise to the characteristic radiologic find- 
ings. 

Asbestos-related pleural disease is the most often identified 
antecedent to the formation of rounded atelectasis [5], but a 
few cases have been described in association with chronically 
thickened pleura caused by other disorders such as conges- 
tive failure, pulmonary infarction, and Dressler syndrome [1]. 

We think that this case is unique in that it represents 
rounded atelectasis caused by a focus of histoplasmosis. The 
calcification and associated cavitation are typical manifesta- 
tions of primary Histoplasma capsulatum infection. The adja- 
cent pleural disease is a rare but documented aspect of 
histoplasmosis [2]. In this patient, the pleural thickening, 
however unusual, resulted in rounded atelectasis of the ad- 
jacent parenchyma, which included the primary focus of his- 
toplasmosis. The pathogenesis is presumably similar to that 
described for tuberculosis. Because pleural involvement is 
unusual in histoplasmosis, rounded atelectasis would not be 
expected to occur frequently. In those few patients with 
pleural involvement, the factors necessary to cause this ab- 
normality are all present. 

The CT features of rounded atelectasis are so distinct that 
it is often possible to differentiate radiologically this entity 
from neoplasm, thus avoiding any unnecessary invasive pro- 
cedures [6]. Rounded atelectasis is most often located pos- 
teriorly in the lower lobes. The oval subpleural opacity always 
is associated with adjacent localized pleural thickening. Ves- 
sels and bronchi course into the anteroinferior margin of the 
lesion producing the characteristic “comet tail” appearance. 


Fig. 1.—Rounded atelectasis caused by his- 
toplasmosis. 

A and B, Posteroanterior (A) and left posterior 
oblique (B) chest radiographs show irregular 
soft-tissue opacity approximately 3 cm in diam- 
eter in right lower lobe with a faintly visualized 
focus of calcification and cavitation. A streaky 
linear density extends toward right hilum. 

C and D, Contrast-enhanced CT scans show 
a calcified granuloma within a cavitated, pleur- 
ally based soft-tissue mass (C). Adjacent pleural 
thickening is evident. Curvilinear density repre- 
senting bronchovascular bundle coursing into 
lesion forms “comet tail” appearance character- 
istic of rounded atelectasis (D). 


may be recognized. Air bronchograms in association with the 
mass of rounded atelectasis have been reported [7]. 

Evolution of rounded atelectasis takes several weeks to 
months. Once present, it may persist unchanged for years, 
may rarely increase in size, or may totally regress [1, 7]. 
Decortication may be necessary because of clinically signifi- 
cant loss of ventilating lung or to avoid complicating bron- 
chiectasis. The lesion has been noted to recur after this 
therapeutic procedure. Signs and symptoms are typically 
minimal; when present, they include coughing, dyspnea, and 
pleuritic pain [4]. 

We think that rounded atelectasis should be added to the 
list of manifestations of histoplasmosis. Although unusual, the 
presence of pleural involvement provides all the necessary 
features for the development of this benign pseudotumor. 
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Staging of Esophageal Carcinoma: 
Comparison of Results with Endoscopic 
Sonography and CT 





We compared the results of endoscopic sonography and CT in the preoperative 
staging of 46 patients with esophageal carcinoma studied prospectively. All patients 
had surgery and 44 had pathologic examination of the mediastinal and celiac lymph 
nodes. The results of CT and endoscopic sonography were compared with surgical and 
pathologic findings. A total of 51 tumors were found in 46 patients. Sonographic 
estimation of tumor extension through the different layers of the esophagus was correct 
in 37 (73%) of all 51 tumors and in 22 (85%) of the 26 tumors in which the examination 
was complete. The echoendoscope (13-mm diameter) could not pass through the tumor 
in 23 cases (50%). Infiltration to adjacent organs was found in 15 cases at surgery. In 
four of these 15, the extension was detected by CT; in seven of the 15 cases, it was 
detected by sonography. False-negative determination of tumor extension occurred with 
endoscopic sonography in patients with stenotic tumor. There were no false-positive 
results with either CT or endoscopic sonography. For detection of mediastinal lymph- 
node involvement, the sensitivity of CT was 48%. The sensitivity of sonography was 
50% if metastatic nodes unexplored by sonography were included, or 84% if only cases 
in which stenosis was passed were considered. Statistical comparison revealed that 
sonography was superior to CT for the detection of metastases to lymph nodes. 

CT and endoscopic sonography provide complementary information. When the 
echoendoscope can be maneuvered past the tumor, sonography can be used accurately 
to define extension through the layers of the esophagus, extension to the adjacent 
organs, and involvement of the lymph nodes. When the tumor cannot be passed by the 
echoendoscope, CT is superior to sonography for detection of mediastinal extension. 
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Numerous reports have described the usefulness of CT in the preoperative 
staging of esophageal carcinomas [1-8], but this technique has limitations. CT 
cannot precisely detect extension through the layers of the esophagus, and the 
sensitivity of CT for mediastinal invasion and for lymph-node involvement is low [1, 
3, 5]. Studies on the value of endoscopic sonography for use in staging patients 
with esophageal carcinomas have been reported [9-16]. To our knowledge, only 
one report has been published that compares this technique with CT [17]. 

The purpose of this investigation was to evaluate CT and endoscopic sonography 
in the preoperative staging of esophageal carcinoma and to compare the results 
with surgical and pathologic data in 46 patients with esophageal carcinoma who 
subsequently had surgery. 


Subjects and Methods 


Forty-six patients (41 men and five women, 35-74 years old, mean, 55 years) with 
squamous cell carcinoma of the esophagus were included in the study. At surgery single 
lesions were found in 41 patients; second lesions were found in five patients. Of the total of 
51 lesions, 10 were found in the upper esophagus, 30 in the middle esophagus, and 11 in 
the lower esophagus. 
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Histologically, 13 lesions were superficial: nine intramucosal and 
four submucosal. Thirty-eight were advanced: four were in the mus- 
cularis propria, none involved the adventitia, 19 spread beyond the 
adventitia, and 15 infiltrated into adjacent organ. According to Tio et 
al. [17], superficial lesions corresponded to T1 tumors, muscularis 
propria lesions were T2 tumors, adventitial and extraadventitial le- 
sions were T3 tumors, and adjacent-organ lesions corresponded to 
T4 tumors. All patients had surgery: 44 patients had surgical resection 
of the tumor and removal of lymph nodes from 10 sites: cervical, 
right and left upper paratracheal, right and left lower paratracheal, 
upper and lower paraesophageal, subcarinal, cardiac, and celiac (Fig. 
1); two patients had palliative surgery with no removal of lymph nodes 
because of massive mediastinal infiltration. Pathologic examination 
determined tumoral extension throughout the different layers of the 
esophageal wall. Four hundred forty lymph-node sites were evaluated 
in 44 patients. Every nodal site was identified by the surgeon, and 
nodes were sent separately for pathologic examination. Metastatic 
involvement was noted in 43 lymph nodes (10%): 18 cardiac, 13 
inferior paraesophageal, five subcarinal, four superior paraesopha- 
geal, two celiac, and one right upper tracheal. 

In 24 patients, metastases to lymph nodes were identified at 
surgery or on pathologic examination. In these cases, esophageal 
lesions were limited to the muscularis propria three times, spread 





Fig. 1.—Drawing shows sites of 
lymph nodes. 1 = cervical; 2 = right 
and left upper paratracheal; 3 = 
upper paraesophageal; 4 = right 
and left lower paratracheal; 5 = 
subcarinal; 6 = lower paraesopha- 
geal; 7 = cardiac; 8 = celiac. 
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beyond the adventitia 12 times, and infiltrated mediastinal organs 
nine times. 

CT was performed with a third-generation CT unit (Siemens DRG 
1) less than 1 week before surgery. Contiguous 8-mm-thick sections 
(with a 256 x 256 matrix) were obtained from the level of the 
pulmonary apices to the celiac region after IV infusion of 120 ml of 
contrast medium. The scans were viewed at window levels appropri- 
ate for mediastinum and pulmonary parenchyma. CT scans were 
interpreted prospectively and independently by two radiologists who 
used criteria that were chosen to have the highest specificity on the 
bases of recent reports. 

The criteria were as follows: (1) the esophageal wall was consid- 
ered thickened when its width was greater than or equal to 5 mm; 
(2) tracheal or bronchial involvement was considered certain when an 
intraluminal mass or a thickened wall was present [5, 8], or when 
tumoral extension was seen between the trachea and the aortic arch 
or between the left main bronchus and the descending aorta (Fig. 
2A) [3]; (3) aortic infiltration was diagnosed when the tumor developed 
an intimate contact with the aorta that was greater than 90° of the 
aortic circumference [6] associated with deformation of the aortic 
lumen; (4) amputation of vessel lumen or lack of opacification were 
signs of tumoral spread to the pulmonary veins (Fig. 3A); (5) pericar- 
dial effusion was synonymous with pericardial tumoral infiltration; and 
(6) pleural involvement was judged to be present when pleural thick- 
ening adjacent to the tumor or pleural effusion was present. Lymph 
nodes greater than 6-mm diameter in upper and lower mediastinal 
compartments and lymph nodes greater than 10-mm diameter in 
subcarinal and celiac regions were considered to contain metastases. 

Endoscopic sonography was performed with an Olympus EU M2 
endoscope (Olympus Optical Co., Tokyo) of 13-mm diameter with a 
7.5-MHz probe. The examination was done after administration of 
local pharyngeal anesthesia and IV sedation, from the upper esoph- 
agus to the celiac region when it was possible to pass the tumor with 
the endoscope. The 360° axial sonographic images were viewed on 
a monitor and recorded on a video recorder. Sonographic images 
were interpreted independently by a gastroenterologist who was 
unaware of the CT findings. Normal sonography of the esophagus 
allows visualization of five layers (Fig. 4). The first layer is hyperechoic 
and represents the interface between the probe and the balloon. The 
second layer is hypoechoic and corresponds to the mucosa and the 
inner part of the submucosa. The third layer is hyperechoic and 
represents the outer part of the submucosa. The fourth layer is 
hypoechoic and represents the muscularis propria. The fifth layer is 
hyperechoic and corresponds to the adventitia and the periesopha- 
geal fat. Normal esophagus is separated from other structures in the 
mediastinum by mediastinal fat. Normal lymph nodes are soft-tissue 


Fig. 2.—Carcinoma of esophagus extending be- 
tween descending aorta and left main bronchus. 

A, CT scan shows tumor displacing left main 
bronchus and located between aorta and left main 
bronchus (arrow), suggesting nonresectability. Note 
subcarinal lymph node (arrowheads). 

B, Sonogram shows mediastinal invasion (arrow) 
of tumor (T) between left main bronchus (LMB) and 
descending aorta (D Ao). A Ao = ascending aorta. 
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Fig. 3.—Carcinoma of esophagus involving left 
inferior pulmonary vein (Lipv). 

A, CT scan shows irregular lumen of Lipv (arrow) 
involved by tumor. 

B, Sonogram shows encasement of Lipv (arrow- 
heads) in tumor (T). D Ao = descending aorta. 














A B 


Fig. 4.—Normal esophagus. 


A, Drawing shows normal layers of esophagus. 1 = interface between probe and balloon; 2 = 
mucosa and inner part of submucosa; 3 = outer part of submucosa; 4 = muscularis propria; 5 = 


adventitia and periesophageal fat. 
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Fig. 5.—Sonogram shows tumor (T), which 
spread beyond adventitia because it was not lim- 
ited by fifth hyperechoic layer, and two well-de- 
fined hypoechoic lymph nodes (N) suggesting 


B, Normal sonogram of esophagus shows five layers (arrows). Probe (P) is in lumen of esophagus. metastatic nodes. D Ao = descending aorta. 


masses that are smaller than 5 mm in diameter, are hyperechoic, 
have poorly defined contours, and are ellipsoid or triangular [15]. 

The analysis focused on extension of tumoral depth and on nodal 
involvement. Transmural tumoral extension was defined as follows: 
(1) mucosal: no visible sonographic abnormality, or thickening of the 
second hypoechoic layer of less than 2 mm; (2) submucosal: thick- 
ening of the second hypoechoic layer of more than 2 mm, with 
preservation of the third hyperechoic layer that corresponds to the 
interface between the submucosal tumor and the muscularis propria; 
(3) muscularis propria: wall thickening extended to the fourth hypo- 
echoic layer; (4) adventitial spread: thickening as far as the fifth 
hyperechoic layer, which is preserved; (5) tumor infiltration into peri- 
esophageal tissue, passing the adventitia: disappearance of part or 
all of the fifth hyperechoic layer, hypoechoic tumor, and indistinguish- 
able four inner layers; and (6) tumor extension to an adjacent organ: 
no echogenic interface seen between mediastinal tumor infiltration 
and the infiltrated organ (Figs. 2B and 3B). 

Malignancy of lymph nodes was determined on the basis of the 
following criteria: size larger than 10 mm in diameter, localized 
compression of the adventitia, hypoechoic or inhomogeneous echo- 
genicity, well-defined contours, roundness. One of these criteria was 


enough to classify nodes as malignant, except for elongated subcar- 
inal nodes larger than 10 mm in diameter, which were considered 
benign [15]. Figure 5 shows malignant lymph nodes. 

Sensitivity, specificity, and accuracy were calculated for CT and 
endoscopic sonography; diagnostic value was estimated by using 
the chi-square test; and correlation between CT and sonography was 
estimated in patients with normal nodes and in those with metastases 
to lymph nodes. 


Results 


All but four tumors were visualized with both CT and 
sonography. One of these was a lesion seen with sonography 
but not with CT. The other three lesions were seen only with 
CT; each appeared as mild thickening of the wall. These three 
tumors were limited to the mucosa in two cases and passed 
the adventitia in one case. 

In five patients, a second lesion was identified at surgery. 
In four of these patients, the second lesion was purely mu- 
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cosal. The tumor was missed with both CT and sonography 
in two patients who had small in situ tumors at surgery, seen 
with CT but not with sonography in one, and seen with 
sonography but not with CT in the fourth patient. The fifth 
patient had an extraadventitial tumor that was visible with 
both methods. 

The endoscope could be passed beyond the tumor in 23 
(50%) of 46 patients. In the 23 completely examined patients, 
measurement of tumor length and width by sonography cor- 
related well with findings at surgery. The differences between 
the measurements did not exceed 10%. Tumor length as 
seen on CT correlated with the macroscopic appearance of 
the lesion, except in one case in which tumor extension 
toward the stomach was missed on CT. 

Extension through the layers of the esophageal wall was 
sought in the 51 lesions in the 46 patients. Sonographic 
estimation of parietal tumoral extension was correct in 73% 
(37/51) of all tumors and in 85% (22/26) of tumors with 
stenosis that could be passed by the endoscope. In 11 of 14 
misjudged cases, lesions were underestimated compared 
with pathologic results. No false-positive mediastinal infiltra- 
tion was found. 

Surgery disclosed tumor spread in one or more mediastinal 
structures in 15 of 46 patients. These included pericardium 
(five), left main bronchus (four), pleura and parenchyma (four), 
pleura (two), trachea (two), diaphragm (one), and aorta (one). 
Extension into the mediastinum was detected on CT in four 
(27%) of the 15 cases. The trachea was involved once and 
the left main bronchus, three times. CT was insensitive for 
the involvement of pleura, parenchyma, diaphragm, and aorta. 
There were no false-positive results. On sonography, spread 
to mediastinal structures was seen in seven (47%) of the 15 
cases. The left main bronchus was involved in three, the 
trachea in one, the pleura in one, and the pericardium in three. 
Among these 15 cases, mediastinal invasion was seen on 
both CT and sonography in two, on sonography only in five, 
and on CT only in two. In six cases mediastinal spread was 
not seen on CT or on sonography. No results were false- 
positive. False-negative results occurred in patients with sten- 
otic lesions that the endoscope could not pass. Although 
sonography detected mediastinal infiltration more often than 
CT did, there was no significant difference between the two 
methods. 

Lymph-node involvement was sought in 44 patients at each 
of 10 nodal sites (N = 440). This included 23 patients in whom 
tumors were passed by the endoscope (group 1) and 21 of 
the 23 patients having tumors with stenosis that were not 
passed by the endoscope (group 2). In group 1, CT had a 
sensitivity of 50% (6/12) and a specificity of 99% (217/218). 
Sonography had a sensitivity of 83% (10/12) and a specificity 
of 99% (215/218). In group 2, CT had a sensitivity of 47% 
(14/30) and a specificity of 99% (178/180). We were unable 
to evaluate 72 of the 210 nodal sites with sonography be- 
cause we could not move the endoscope past the severe 
stenosis caused by the tumor. Of the 72 sites, 15 were 
metastatic. The sensitivity of sonography was 85% (11/13) if 
only nodal sites examined are considered and 37% (11/30) if 
metastatic nodes unexplored by sonography are included. 
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Two patients in group 2 had metastatic celiac nodes. We 
were unable to explore them sonographically. Abnormal 
nodes were detected with CT in one patient. 

Global results (groups 1 and 2) in 44 patients were as 
follows: CT had a sensitivity of 48% (20/42), a specificity of 
99% (395/398), and a diagnostic accuracy of 94% (415/440). 
Sonography had a sensitivity of 84% (21/25) if only cases in 
which stenosis was passed are considered and 50% (21/42) 
if unexplored metastatic nodes are included. 

The diagnostic value of CT and sonography was estimated 
by using a chi-square test. It was highly significant for both 
methods (p < .05). CT/sonography correlation concerning 
normal and metastatic nodes was assessed with a chi-square 
test. There was no significant correlation concerning metas- 
tases to lymph nodes. As for normal lymph nodes, there was 
a significant correlation between CT and sonography (p < 
.01) if all results were considered, but there was no significant 
correlation if only discordant couples were studied. These 
results suggest that sonography is significantly superior to 
CT for the detection of metastases to lymph nodes and that 
the methods are equal for the detection of normal lymph 
nodes. 


Discussion 


Many authors [1-8] emphasize the role of CT in the staging 
of esophageal carcinomas. However, recent reports [1-3] 
comparing CT with surgery in the diagnosis of mediastinal 
infiltration indicate a sensitivity rate ranging from 50% to 82%. 
The absence of CT criteria for metastases to mediastinal 
structures explains this wide variation. For instance, the ex- 
istence of a fat plane and of an angle greater than 90° 
between tumor and aorta [4], considered first as a good 
criterion, is now considered to have low specificity [1, 3, 5]. 

In our series, the sensitivity of CT in the evaluation of 
metastases to mediastinal structures was poor (27%) be- 
cause of the narrowness of our criteria. However, the speci- 
ficity was 100%, and no patient was erroneously denied 
surgery because of CT results. As noted in previous reports 
[3, 17], the best results are obtained with CT for tracheo- 
bronchial involvement. Metastases to pleura, pulmonary pa- 
renchyma, pericardium, and diaphragm were not identified in 
our study. 

Endoscopic sonography is useful for detecting esophageal 
tumors. Moreover, sonography can be used to determine the 
depth of invasion of a carcinoma through the layers of the 
esophagus and to separate superficial from advanced lesions. 
In our study, some mucosal lesions were not seen with 
sonography, because the thickening of the first layer was 
sometimes minimal. In these negative cases, sonography 
eliminates the possibility of advanced lesions. 

Certain authors claim a 75-87% overall accuracy rate in 
the evaluation of tumor extension [9-13, 17]. Our results 
(73% for all tumors and 85% in tumors with stenosis com- 
pletely passed by the echoendoscope) agree with those ob- 
tained by others. The main pitfall is the inability to insert the 
echoendoscope beyond the tumor; this occurred in 15 of 35 
cases reported by Heyder et al. [14], in 26% of the cases 
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reported by Tio et al. [17], and in 23 of 46 cases described in 
our series. The stenosis was passed in only 12 of the 15 
patients with mediastinal metastases. Evaluations were cor- 
rect in seven (58%) of the 12 patients, but were incorrect in 
three other patients with severe stenosis. In retrospect, it 
appears that, except for two cases, these impassable tumors 
were all invasive (spread beyond the adventitia or infiltrated 
adjacent organ). 

Sonographic detection of nodes more than 5 mm in diam- 
eter is high [12]. Diagnostic accuracy concerning mediastinal 
nodes in esophageal carcinoma ranges from 75% to 89% 
(10, 11, 14, 17]. In our study, the sensitivity was 84%, 
excluding unexplored nodal sites by sonography; when all 
nodal sites were considered, this number fell to 50%. Speci- 
ficity also was high; it was more than 98% in all the groups. 

Comparison of CT and sonography in the evaluation of 
esophageal cancers will help to define the limitations of and 
indications for both techniques. The diagnostic value of the 
two methods is significant in mediastinal and celiac nodal 
involvement. The sensitivity of sonography for detecting me- 
tastases to lymph nodes is superior to that of CT [17]. One 
reason for this might be inherent to the intracavitary approach 
of echoendoscopy. Other reasons might be the definition of 
anew semiologic approach for detecting metastases to lymph 
nodes that is based not only on size but also on morphologic 
criteria (shape, echo structure, mobility) [13, 15] and the real 
properties of sonography that allow the distinction between 
lymph nodes and vessels [17]. 

Comparison of CT and sonography in metastases to celiac 
lymph nodes was not possible in our study because of the 
small number of patients. For Tio et al. [17], sonography was 
significantly more accurate than CT in patients who had 
adequate examinations. Liver metastases were not observed 
in our 46 cases but can be detected with sonography if the 
metastases are located in the left lobe of the liver. Exploration 
of the right lobe of the liver is more accurate with CT or with 
transcutaneous sonography [17]. 

Except for liver metastases and large nonresectable celiac 
masses, which are contraindications to resection, the pres- 
ence of adenopathy generally does not modify either the 
decision to operate or the choice of surgical procedure. This 
is why the goal of presurgical staging is to predict resectability. 
The presence of mediastinal infiltration leads to palliative 
surgery, whereas the absence of mediastinal infiltration leads 
to curative surgery. In our study, and in the study of Tio et 
al. [17], sonography had a higher sensitivity than CT in the 
diagnosis of mediastinal involvement. These results suggest 
that sonography is the best procedure when the tumor can 
be passed. Endoscopic sonography can detect mediastinal 
invasion and, in its absence, can delineate transmural exten- 
sion with a high accuracy, thus differentiating superficial from 
advanced cancers, two entities with very different prognoses. 

Currently, the inability to move the echoendoscope past 
the stenosis is the main limitation of sonography. This pitfall 
is encountered with variable frequencies in different series 
(23/46 in our study); its occurrence depends mainly on the 
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diameter of the echoendoscope, but the study population is 
also a factor. This disadvantage can be overcome by using a 
smaller-diameter echoendoscope or a blind echoendoscope. 
CT is valuable when the tumor cannot be passed by the 
echoendoscope, mainly to detect mediastinal infiltration and 
metastatic nodal involvement below the tumor. 

In conclusion, CT is the standard procedure in the pre- 
therapeutic staging of esophageal carcinomas. Endoscopic 
sonography has shown promising initial results. In this study, 
sonography had a diagnostic accuracy of 73% for transmural 
infiltration and was more sensitive than CT in the diagnosis 
of metastatic nodes. If stenosis caused by the tumor can be 
passed by the echoendoscope, CT examination should be 
performed only in difficult cases and in invasive tumors. 
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Book Review 


Gastrointestinal Radiology Reviews, vol. 1. Edited by Hans Herlinger and Alec Megibow. New York: Marcel 


Dekker, 283 pp., 1990. $110 


This is the first of a planned yearly book of mainly review-type 
contributions on gastrointestinal radiology. It is intended to provide a 
forum for those who usually publish their work in languages other 
than English, as well as a place for English-language contributions. 
Of the 34 authors, 12 work in Japan, three in Belgium, and one in 
France. The remainder are from the United States, Canada, and the 
United Kingdom. Much of the work from Japan, Belgium, and France 
has been published previously in the major English-language radiol- 
ogy journals. 

Interventional techniques reviewed include percutaneous gastros- 
tomy, transjugular liver biopsy, biliary interventional methods, and 
drainage of pancreatic pseudocysts by endoscopic and percutaneous 
gastrostomy methods. MR topics include dynamic MR imaging of 
hepatic tumors and MR imaging of the alimentary canal. CT tech- 
niques are dynamic examination in hepatic vascular disorders, the 
intraarterial injection of iodinated oil in the diagnosis of small daughter 
nodules in hepatocellular carcinoma, and CT of acute small-bowel 
disorders. The book also has a chapter on endosonography of the 
rectum and two chapters on radiologic-pathologic correlation of small- 
bowel abnormalities. 

The articles will be of variable interest to those of us who do 
gastrointestinal examinations. | found most valuable the articles on 
percutaneous gastrostomy (Chia-Sing Ho and Allan C. N. Yee), 
gallbladder intervention (J. Stephen Fache and H. Joachim Burhenne), 
management of choledocholithiasis (Allan C. N. Yee, Chia-Sing Ho, 


and Michael J. McLoughlin), and percutaneous gastrocystostomy for 
pancreatic pseudocysts (Michael J. McLoughlin, Chia-Sing Ho, and 
Allen C. N. Yee). Equally good are the articles on endoscopic drainage 
of pancreatic pseudocysts (M. Cremer, J. Deviere, and Louis Engel- 
holm) and CT of acute small-bowel abnormalities (R. Brooke Jeffrey, 
Jr.). 

For most AJR readers without a special interest, a minority of the 
chapters have too narrow an appeal (e.g., significance of CT after 
intraarterial injection of iodinated oil in the diagnosis of small daughter 
nodules in hepatocellular carcinoma and roentgenologic specimen 
study of Peyer patches in the jejunum and proximal ileum) and more 
properly belong in an investigative journal. These criticisms must be 
offset by some excellent review articles (e.g., dynamic CT in hepatic 
vascular disease). 

The quality of all illustrations is consistently excellent. Frequent 
typographic errors are a nuisance but do not mar comprehension. 
Frequently, captions are overleaf from the corresponding illustrations, 
necessitating turning pages backward and forward. | found this 
irritating. The book is expensive, probably because of the large 
number of excellent illustrations. It deserves a place in the medical 
libraries of larger institutions. 
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Uncomplicated Acute Diverticulitis 
of the Cecum and Ascending 
Colon: Sonographic Findings in 18 
Patients 


To determine the sonographic features of uncomplicated acute diverticulitis of the 
cecum and ascending colon, the sonographic findings in 534 patients who presented 
with right lower quadrant pain were reviewed. Of these, 18 patients had uncomplicated 
acute diverticulitis of the cecum and ascending colon. The diagnosis was confirmed by 
surgery (one patient), clinical course (17 patients), CT (eight patients), or contrast enema 
(11 patients). On sonography, a round or oval focus of varying echogenicity, which 
protruded from a segmentally thickened colonic wall and was surrounded by a hyper- 
echoic area, was seen in all 18 patients. These were hypoechoic foci (12 patients), 
hypoechoic foci with internal strong echoes (three patients), and echogenic shadowing 
foci with surrounding hypoechoic bands (three patients). Extraluminal gas (one patient) 
and thickening of lateroconal fascia (six patients) were seen also. Findings of enlarged 
appendix, frank abscess, and ascites were absent. All patients, including the one who 
had laparotomy, were successfully treated medically for diverticulitis. Of 515 patients 
without diverticulitis, in only one patient with acute appendicitis did sonography show a 
hypoechoic protruding focus. 

Our experience indicates that the major sonographic finding in patients with uncom- 
plicated acute diverticulitis of the right colon is a hypoechoic round or oval focus 
protruding from a segmentally thickened colonic wall. 


AJR 155:283-287, August 1990 


Acute diverticulitis of the cecum and ascending colon can cause right lower 
quadrant pain. Differentiation from acute appendicitis is important because acute 
diverticulitis of the colon without complications such as frank abscess, fistula, 
obstruction, and free perforation is treated medically [1]. Although contrast enema 
and CT have been used in the evaluation of acute diverticulitis of the right colon 
[2-5], few reports have been published on the usefulness of sonography in this 
condition [6-8]. We studied the sonograms of 18 patients with uncomplicated 
acute diverticulitis of the right colon to determine the sonographic features of the 
disease. The study is limited by the fact that the diagnosis was confirmed only by 
the patients’ clinical course (17 patients), CT findings (eight patients), or contrast 
enema studies (11 patients), except for one surgically proved case. 


Materials and Methods 


Between January 1988 and January 1990, sonography was performed at our hospital in 
534 patients with acute right lower quadrant pain. Of these, 19 patients had acute diverticulitis 
of the right colon. One patient had complicated diverticulitis with an ileocecal abscess and 
was excluded from the analysis of sonographic findings. The 18 patients who are the subject 
of this study had uncomplicated acute diverticulitis of the right colon confirmed by surgery 
(one patient), clinical course (17 patients), CT (eight patients), or contrast enema (11 patients). 
Follow-up sonography was performed in six patients. Two patients did not undergo any 
imaging study other than the initial sonography. 

There were 14 men and four women 28-58 years old (mean, 39 years). All 18 patients 
presented with right lower quadrant pain and tenderness. Nausea or vomiting was present in 
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five patients. None of these had diarrhea. A mass was palpated on 
physical examination in one patient. Sixteen patients were febrile at 
presentation and 15 patients had leukocytosis. Five patients had a 
history of appendectomy. The clinical diagnosis was acute appendi- 
citis in 13 patients, abscess or tumor in two patients, ureteral stone 
in one patient, and undetermined in the other two patients. The initial 
sonographic impression was uncomplicated acute diverticulitis of the 
right colon in 17 patients and medical management was recom- 
mended. In one patient with severe abdominal pain and tenderness, 
acute appendicitis could not be excluded with certainty and laparot- 
omy was performed. Sonography was performed with a Hitachi EUB- 
40 unit (Tokyo) with a 3.5-MHz convex transducer in 17 patients and 
a Hitachi EUB-450 unit with a 7.5-MHz convex transducer in one 
patient. All CT studies were performed on a Toshiba TCT-70A unit 
(Tokyo). 

The initial and subsequent sonographic findings and findings on 
CT, contrast enema, and clinical records in the 18 patients with 
uncomplicated acute diverticulitis of the right colon were reviewed by 
two of the authors. Also, all reports of sonographic studies in the 
515 patients who had diagnoses other than acute diverticulitis were 
reviewed to see if any of the sonographic findings of acute divertic- 
ulitis were present in these patients. ` 


Results 


Sonographic abnormalities were seen in the ascending 
colon in nine patients and in the cecum in nine patients. A 
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thickened colonic wall (Figs. 1-4) 5-15 mm thick and 2-5 cm 
long was present in all 18 patients and a slightly thickened 
terminal ileum was seen in one patient. In all 18 patients, 
sonography showed a round or oval focus of varying echo- 
genicity protruding from the colon in both the transverse and 
longitudinal planes (Figs. 1-4). The maximum diameter of 
these foci was 10-22 mm (mean, 13 mm). They were hypo- 
echoic in 12 patients (Figs. 1A and 2A), hypoechoic with 
internal spotty strong echoes in three patients (Fig. 3B), and 
echogenic shadowing foci with a surrounding hypoechoic 
band in the other three patients (Fig. 4). These protruding foci 
were surrounded by hyperechoic areas of varying degrees in 
all 18 patients (Fig. 3B). In five cases of cecal diverticulitis and 
one case of diverticulitis in the ascending colon, thickened 
lateroconal fasciae were seen on sonography (Figs. 1A and 
2A). In one patient, a strong echo suggesting extraluminal 
gas immediately behind the hypoechoic protruding focus was 
confirmed by CT (Fig. 3). There was no finding of enlarged 
appendix, enlarged mesenteric lymph nodes, frank abscess, 
or ascites. 

CT was performed immediately after sonography in eight 
patients. On CT scans, regional colonic wall thickening and 
poorly defined or linear soft-tissue densities in the adjacent 
pericolic fat were seen in all eight patients (Figs. 1B, 1C, and 
3D). Thickening of the lateroconal fascia, which also was 


Fig. 1.—Cecal diverticulitis in a 41-year-old 
man. 

A, Initial transverse sonogram of right lower 
quadrant shows round hypoechoic focus (arrow- 
head) protruding from thickened cecal wall 
(open arrows). Thickened lateroconal fascia 
(solid arrows) also is seen. 

B, CT scan obtained immediately after sonog- 
raphy shows small area of slightly increased 
density (open arrow) adjacent to thickened cecal 
wall (solid arrows). This small high density cor- 
responds to hypoechoic focus on sonogram. 
Soft-tissue density of pericecal inflammatory 
change is behind cecum. 

C, CT slice 3 cm cephalad to B shows marked 
cecal wall thickening and gas-filled diverticulum 
(arrow) protruding from cecum. Pericecal inflam- 
matory change and thickened lateroconal fascia 
(arrowheads) also are seen. 

D, Follow-up sonogram 5 days after initial 
study shows decreases in cecal wall thickening 
(arrows) and size of protruding hypoechoic fo- 
cus (arrowhead), which finally disappeared 7 
days later. 
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Fig. 2.—Cecal diverticulitis in a 29-year-old 
man. 

A, Transverse sonogram shows hypoechoic 
focus (arrowhead) protruding from thickened ce- 
cal wall (open arrows). Thickened lateroconal 
fascia (solid arrows) also are shown. 

B, Double-contrast barium enema after sub- 
sidence of acute stage reveals cecal diverticu- 
lum (arrow) at location corresponding to that on 
initial sonogram. 


Fig. 3.—Cecal diverticulitis in a 58-year-old- 
man. 

A, Transverse sonogram of cecum shows hy- 
poechoic focus (arrowhead) protruding from lo- 
cally thickened cecal wall (solid arrows). Strong 
echo (open arrow) is seen immediately behind 
hypoechoic protruding focus. 

B, Longitudinal sonogram shows round hy- 
poechoic focus (open arrow) with internal spotty 
strong echo and surrounding hyperechoic area 
(solid arrows). 

C, Slightly lateral longitudinal sonogram 
shows hypoechoic focus (open arrow) and ad- 
jacent strong echo (arrowhead) suggesting ex- 
traluminal gas. Note acoustic shadowing (solid 
arrows). 

D, CT scan obtained immediately after sonog- 
raphy shows collection of gas (arrow) behind 
cecum (arrowheads). Poorly defined soft-tissue 
density is present around gas collection. Follow- 
up barium enema showed cecal diverticula. 


present on sonography, was demonstrated in four patients 
(Fig. 1C). In one patient, Gastrografin enema was performed 
before CT; it showed minimal mass effect and a few diverticula 
on the medial wall of the ascending colon without extravasa- 
tion of the contrast material. A barium enema was performed 
after subsidence of the acute stage in 10 patients. In eight 
patients, diverticula were shown at the location corresponding 
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to that on the initial sonogram (Figs. 2 and 4). In one patient, 
residual mass effect at the corresponding location was shown 
with a few adjacent diverticula. In another patient, the barium 
enema did not show diverticulum or mass effect. 

In six patients, follow-up sonography was performed less 
than 12 days after the initial sonographic examination. This 
study showed decreases in the colonic wall thickening and 
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Fig. 4.—Diverticulitis of ascending colon in a 56-year-old man. 


C 


A, Transverse sonogram of right lower quadrant shows echogenic focus with surrounding hypoechoic band (solid arrows), which is protruding medially 


from slightly thickened colonic wall (open arrows). 


B, Longitudinal sonogram shows round echogenic shadowing focus with surrounding hypoechoic band (arrows). 
C, Follow-up double-contrast barium enema shows large diverticulum (arrow) protruding medially from ascending colon immediately above ileocecal 


valve. A few small diverticula also are seen in ascending colon. 


the size of the protruding foci in all six patients (Fig. 1). Two 
of these foci finally disappeared. In one patient, the hypoech- 
oic focus became an echogenic shadowing focus. In the other 
three patients, the sonographic characteristics of the focus 
did not change. All patients, including the one who had 
laparotomy and appendectomy, were successfully treated 
medically for acute diverticulitis. 

Of the 515 patients without diverticulitis, in only one did 
sonography show a protruding hypoechoic focus from a 
thickened colonic wall. This patient was one of the 115 
patients during the period of this study who had surgically 
proved appendicitis. There was a perforation at the proximal 
portion of his appendix about 1 cm from its origin. Although 
the proximal enlarged appendix was seen as a round, pro- 
truding, hypoechoic focus mimicking acute diverticulitis (Fig. 
5), a distal enlarged appendix and adjacent round hypoechoic 
area of abscess formation led to the correct diagnosis of 
complicated acute appendicitis. Of the 515 patients without 
diverticulitis, colonic wall thickening of varying lengths and 
thicknesses was seen in the right colon in 36 patients with 
the following conditions: acute appendicitis (16 patients), in- 
fectious colitis (six patients), colonic carcinoma (two patients), 
mesenteric adenitis and acute terminal ileitis (two patients), 
intussusception (two patients), Crohn disease (one patient), 
ischemic colitis (one patient), and undetermined (six patients). 


Discussion 


Acute diverticulitis of the right colon is not an uncommon 
disease in patients of oriental ancestry [9]. It is relatively 
uncommon in the Western population and is difficult to diag- 
nose on radiologic or clinical examination [10, 11]. CT and 
contrast enema are often helpful, but sometimes misdi- 
agnoses of acute appendicitis and perforated colonic cancer 
are made [4, 12]. Although the use of sonography for the 





Fig. 5.—Perforated acute appendicitis in a 35-year-old man. Transverse 
sonogram of right lower quadrant. Hypoechoic focus (curved arrow) pro- 
truding from thickened cecal wall (arrowheads) mimics finding in acute 
diverticulitis; however, separate, large hypoechoic area of abscess 
(straight arrow) and distal tubular hypoechoic structure (not shown) sug- 
gested acute appendicitis with abscess formation. At surgery, appendicitis 
with perforation at its proximal portion was found. 


diagnosis of diverticulitis of the right colon has been described 
in a few reports [6-8], it is not widely accepted. In our series 
of 18 patients, common sonographic findings of uncompli- 
cated acute diverticulitis were the visualization of a round or 
oval focus of varying echogenicity protruding from the colonic 
wall with a surrounding hyperechoic area and segmental 
colonic wall thickening. 

Pathologically, diverticulitis consists mainly of a small, flask- 
shaped, acute abscess lying in the pericolic fat that contains 
many neutrophils and necrotic material [13, 14]. We assume 
that the hypoechoic focus protruding from the colon reflects 
this flask-shaped abscess, and the internal strong echo may 
represent debris or possibly gas. In our series, these protrud- 
ing foci were seen in all 18 patients with acute diverticulitis 
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and in only one of 115 patients with appendicitis. This finding 
appears to be the most specific and meaningful of the various 
sonographic findings seen in acute diverticulitis of the right 
colon. Around the flask-shaped abscess, a few neutrophils, 
fibrin, and necrotic tissues are scattered [14]. Probably these 
changes are seen as a hyperechoic area around the small 
abscess of the diverticulitis. The finding of thickened latero- 
conal fascia seen in six patients is most likely a manifestation 
of inflammatory change in the fascial plane. The findings of a 
pericolic hyperechoic area and thickened fascia could be seen 
in other conditions with inflammatory change in the pericolic 
space. 

Perulekar [15] stated that long-segment hypoechoic thick- 
ening of the colonic wall is the most common finding in 
diverticulitis of the sigmoid colon. In our series, however, the 
colonic wall was not as thick, ranging from 2 to 5 cm vs 7 to 
15 cm in Perulekar’s series. In the sigmoid colon, muscular 
hypertrophy of diverticular disease could contribute to the 
thickening of the colonic wall seen on sonography. In addition, 
this discrepancy could be explained by the difference in the 
severity of the disease between our series and that of Peru- 
lekar, in which about half of the patients had complicated 
diverticulitis. Thickening of the colonic wall can be seen in 
inflammatory, infectious, or ischemic colitis and also in colonic 
neoplasms [16, 17]; therefore, it is by no means specific for 
acute diverticulitis. Our series also showed the nonspecific 
nature of this finding. Thickened colonic wall, however, is an 
important finding because it is easily recognized and could 
lead to the more important finding of protruding focus. 

In one patient, extraluminal gas from the perforation was 
seen as a focus of strong echo immediately behind the 
hypoechoic protruding focus from the cecum. Although this 
finding could be seen uncommonly, the direct evidence of 
small extraluminal gas and accompanying protruding focus 
strongly suggested microperforation with minute abscess, 
which is the hallmark of the diverticulitis [13]. 

Although most of our patients were examined with a 3.5- 
MHz transducer, high-resolution sonography with a 5- or 7.5- 
MHz transducer can show the finer internal architecture of 
the sonographic findings of uncomplicated acute diverticulitis 
of the colon. 

In the cases of complicated diverticulitis with frank abscess 
formation, fistula, peritonitis, and free perforation, both so- 
nography and CT can demonstrate findings of those compli- 
cations [15, 18]. CT may be better suited to demonstrate 
gross changes in intraperitoneal and extraperitoneal spaces. 

Because the method of treatment is different in each con- 
dition, the differential diagnosis of right-sided diverticulitis and 
acute appendicitis is very important [9-12]. The sonographic 
findings of acute appendicitis are different from those of 
diverticulitis because a swollen appendix is shown as a tubular 
structure with a blind end [19], rather than as a round or oval 
abnormality, as in diverticulitis. It should be noted, however, 
that in one case of perforated appendicitis, a short segment 
of enlarged proximal appendix mimicked acute diverticulitis. 
In mesenteric adenitis and acute terminal ileitis, where right 
lower quadrant pain is commonly present, thickening of the 
ileum and multiple hypoechoic nodular foci of enlarged lymph 
nodes are found around the mesentery on sonography [20]. 
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However, in our series of uncomplicated acute diverticulitis of 
the right colon, no lymph node enlargement was seen and 
only one case of ileal thickening was found. Differentiation of 
these two conditions, therefore, does not appear to be diffi- 
cult. 

Follow-up sonography was helpful in showing resolution of 
the inflammatory change over a short period. This finding 
strongly supported the diagnosis of acute diverticulitis and 
also virtually excluded the possibility of colonic neoplasm. 

In summary, the main sonographic finding in uncomplicated 
acute diverticulitis of the right colon was a round or oval focus 
protruding from segmentally thickened colonic wall. The pro- 
truding focus was hypoechoic in the majority of cases and 
contained strong echoes in some cases. When this sono- 
graphic finding is seen without evidence of enlarged appendix, 
frank abscess, and peritoneal fluid collection in patients with 
right lower quadrant pain, uncomplicated acute diverticulitis 
of the right colon is strongly suggested. 
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Case Report 


The Esophageal “Jet” Phenomenon Revisited 


Andrew J. Taylor,’ Edward T. Stewart, and Wylie J. Dodds 


The esophageal “jet” phenomenon describes the formation 
of a rapidly flowing stream or a jet of barium as it passes 
through a severely narrowed area in the esophagus (Fig. 1). 
This jet effect has been described before, exclusively in 
association with a cervical esophageal web [1]. This phenom- 
enon presumably occurred only in the proximal esophagus 
because of the relatively high pressures generated by the 
skeletal muscles of the pharynx and the upper esophagus 
[1]. We report four cases of the jet phenomenon of different 
causes that occurred in different regions of the esophagus. 
The jet phenomenon is a useful radiologic sign to indicate the 
presence of a constricting ringlike esophageal lesion. 


Discussion 


The radiologic finding of a jet phenomenon is usually tran- 
sient and is visualized best with the patient upright. At first, 
the true diameter of the immediate distal esophageal lumen 
may not be fully visualized because of the focused jet of 
barium distal to the constricting lesion (Figs. 2A, 3, 4). Usually, 
with the patient recumbent during imaging, the esophageal 
narrowing and true distal lumen are better defined (Fig. 2B). 

We believe that the jet phenomenon follows from the phys- 
ical principle of Bernouilli's law in conjunction with the con- 
servation of mass as it relates to flow. With a decrease in the 
diameter of a tube, an increase in the velocity of the fluid 
must occur for conservation of mass within the system. The 
physical principles are similar to the velocity gradients gen- 
erated in the arterial tree when severe stenotic lesions are 
present. 


The jet phenomenon is a useful finding in areas of the 
esophagus that are difficult to image. The hypopharynx and 
cervical esophagus are often difficult to examine because of 
the rapid transit of the bolus. The esophagogastric junction 
also may be difficult to see at times because of overlapping 
anatomy. However, the occurrence of a jet in any of these 
areas should lead to a heightened suspicion that a constricting 
lesion is present. Rapid sequence filming is helpful in studying 
the anatomy of the upper esophagus, and full distension in 
various projections of the distal esophagus is useful in display 
of the esophagogastric area. Although the jet phenomenon 
also may be produced as barium is forced through a previ- 
ously generated peristaltic contraction, reexamination or con- 
tinued fluoroscopic visualization easily confirms the evanes- 
cent nature of the narrowing. 

The three patients with upper esophageal narrowing (Figs. 
2-4) show the typical level where the esophageal jet has 
been described, although two of the three patients have 
narrowings not previously associated with the esophageal jet 
phenomenon. Of these, the case shown in Figure 4 may have 
been missed without careful fluoroscopic visualization of the 
transient jet phenomenon. Contrary to previous opinion, the 
jet phenomenon also may occur in the distal esophagus (Fig. 
1). This case contradicts the notion that intraluminal pressure 
sufficient to cause a jet phenomenon is limited to the upper 
esophagus. 

In other patients, we have observed less dramatic jets at 
the distal esophagus and at the esophagogastric junction that 
have drawn our attention to the presence of a narrowed ring 
at these levels. The presence of a jet phenomenon has led 
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Fig. 1.—80-year-old man with gradual onset of Fig. 2.—61-year-old woman with intermittent epigastric pain without reference to dysphagia. 
dysphagia. Single-contrast esophagogram shows A, Upright anteroposterior esophagogram shows jet phenomenon. 
jet effect produced by tight peptic stricture (open B, Oblique esophagogram of prone patient better shows cervical web (arrows) and esophagus 


arrows) at lower esophageal sphincter. Patient also immediately beneath area of narrowing. 
has a hiatal hernia (solid arrows). Endoscopy con- 

firmed presence of a short stricture 7 mm in diam- 

eter. 


Fig. 3.—61-year-old patient with dysphagia 
for solids. These symptoms followed esopha- 
gogastrectomy 4 months earlier for adenocarci- 
noma of gastric cardia. Barium swallow shows 
jet phenomenon at stricture of surgical anasto- 
mosis (open arrows). Subjacent segment of re- 
fashioned gastric pullthrough is outlined with gas 
and a small amount of barium (solid arrows). 


Fig. 4.—58-year-old woman who had achala- 
sia diagnosed two decades earlier had an eso- 
phagogram before dilatation of lower esopha- 
geal sphincter. Esophagogram obtained with pa- 
tient upright shows jet phenomenon associated 
with cricopharyngeal bar (curved arrow). Crico- 
pharyngeal bar was judged not to be cause of 
patient’s symptoms with rest of study showing 
typical findings of achalasia. (Small arrows rep- 
resent anterior and posterior boundaries of 
esophagus.) 
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Ovarian Vein Thrombosis in 
Oncology Patients: CT Detection 
and Clinical Significance 


During a 13-month period, ovarian vein thrombosis (OVT) was detected with CT in six 
patients with malignant tumors, five of whom were receiving high-dose chemotherapy 
at the time of diagnosis. None of these patients belonged to previously recognized risk 
groups. Unlike most patients with postpartum or postoperative OVT, only one of our 
patients was symptomatic, and none had related CT findings, such as uterine enlarge- 
ment or other enhancing pelvic masses. 

Patients with malignant tumors, particularly those undergoing chemotherapy, are at 
risk for developing OVT. As OVT is often asymptomatic in these patients, and thrombus 
may resolve without treatment, anticoagulation may not be routinely necessary. 


AJR 155:291-294, August 1990 


Ovarian vein thrombosis (OVT) is classically associated with postpartum (puer- 
peral) endometritis, pelvic inflammatory disease, and gynecologic surgery [1-5]. 
Patients with OVT typically have lower abdominal or flank pain, fever, and a deep 
tender mass. In the past, the diagnosis was made in only 20% of cases before 
surgical exploration [1, 2]; however, CT, MR, and sonography recently have proved 
to be helpful in the detection of OVT [6-12]. We recently diagnosed OVT with CT 
examinations performed on six patients with malignant tumors who did not belong 
to any known risk group. The CT examinations and medical records of those six 
patients were reviewed and analyzed to see if they differed from previous reports 
of patients with OVT. 


Materials and Methods 


Between October 1988 and November 1989, we encountered nine patients with OVT 
diagnosed on the basis of CT findings. Two patients recently had had pelvic surgery. As 
these patients are known to be predisposed to OVT, they were excluded from further 
consideration. A third patient was being treated for a coagulation disorder (idiopathic throm- 
bocytopenic purpura) and was not included in our series. The remaining six patients, all of 
whom had malignant tumors, did not belong to any previously identified clinical risk groups 
and form the basis of our report. 

CT studies and medical records of each of the six patients were reviewed retrospectively. 
All CT studies were performed on third-generation, 2-sec scanners (9800 Quick, General 
Electric Medical Systems, Milwaukee, WI) after oral and IV administration of contrast media. 
Consecutive dynamic scans at 15-mm intervals with 10-mm collimation were obtained through 
the abdomen and pelvis. Diagnosis of venous thrombosis was made on the basis of the CT 
findings when three criteria, previously described by Zerhouni et al. [13], were satisfied: 
enlargement of the thrombosed vein, a low-density central lumen, and a sharply defined 
enhancing wall. 

Information obtained from the medical records included the following: (1) signs or symptoms 
at the time of the diagnostic CT studies, (2) the presence and type of any underlying malignant 
tumor and the use of chemotherapeutic agents, (3) history of recent childbirth or surgery, 
(4) treatment of OVT with anticoagulants, (5) underlying coagulopathy, and (6) relevant 
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laboratory tests (prothrombin time [PT], partial thromboplastin time 
[PTT], and platelet counts) obtained within 1 week of the CT exami- 
nations. 


Results 


The age range of the patients was 32-63 years (Table 1). 
All the patients were multiparous and at least 1 year postpar- 
tum. The right ovarian vein was involved in five patients; the 
left in one patient. No patient had bilateral OVT. The more 
cephalic portions of the ovarian veins were affected in all six 
patients. In no case did CT identify thrombus in the true 
pelvis. In addition, no pelvic masses or fluid collections were 
identified. 

Patients 1-5 were receiving chemotherapy and their OVT 
was identified during CT examinations performed to assess 
tumor response (Fig. 1). Four of these (patients 1-4) had 
breast cancer and were being treated with high-dose multi- 
agent chemotherapy immediately before transplantation of 
autologous bone marrow. The fifth patient on chemotherapy 
(patient 5) had metastatic adenocarcinoma from an unknown 
primary tumor. Specific chemotherapeutic agents used are 
listed in Table 1. Patient 6 had metastatic pancreatic cancer 
and inferior vena cava thrombosis and had not received any 
chemotherapy or surgical treatment (Fig. 2). Only one patient 
(patient 2) had a fever. No patient complained of localizing 
symptoms. One patient had a low platelet count, presumably 
due to chemotherapy (patient 5). None of the patients had 
abnormal PTs or PTTs. 
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CT studies of the abdomen or pelvis obtained before the 
initial detection of OVT were available in three of the six 
patients. CT scans were obtained less than 1 week (patient 
3) and 1 month (patients 4 and 5) before chemotherapy was 
started. On retrospective review, none of these earlier studies 
indicated OVT. 

After diagnosis, only one of our patients was treated with 
anticoagulants. Patient 3 was treated for less than 1 week 
with heparin. No patient was treated with antibiotics. No 
complications (i.e., pulmonary embolism) occurred in any of 
the patients. Resolution of OVT was shown on CT scans in 
two patients 3 months (patient 4) and 1 year (patient 1) after 
initial diagnosis, despite continuing courses of chemotherapy 
in both patients (Fig. 3). In three other patients (patients 2, 3, 
and 5), follow-up CT examinations performed 3-8 months 
after the diagnostic CT studies showed persistent clot in the 
ovarian vein (Fig. 4). No follow-up studies were obtained in 
the remaining patient (patient 6). 


Discussion 


OVT develops in a limited number of settings. In the puer- 
perium, it probably results from changes in pelvic venous flow 
with concurrent postpartum endometritis [1, 2]. For patients 
who have had gynecologic surgery, OVT is a postoperative 
complication, perhaps a consequence of iatrogenic trauma to 
pelvic vessels and superimposed infection. OVT also develops 
in patients with pelvic inflammatory disease, probably as a 


TABLE 1: Six Patients with Ovarian Vein Thrombosis 





Patient Age 


Risk for Ovarian 





No. (years) Side Vein Thrombosis Chemotherapy Follow-Up 
1 33 Left Breast cancer c, d, f, ca, ci Resolved: 1 year 
2 32 Right Breast cancer d, f, m Present: 3 months 
3 49 Right Breast cancer at Present: 8 months 
4 39 Right Breast cancer c, d, f Resolved: 3 months 
5 63 Right Adenocarcinoma mi, d, f Present: 3 months 
6 38 Right Pancreatic cancer none None done 





Note.—c = cyclophosphamide, d = doxorubicin, f = 5-fluorouracil, ca = carmustine, ci = cisplatin, m = methotrexate, 
mi = mitomycin. 





Fig. 1.—CT scan shows thrombosed left ovar- 
ian vein (arrow) in patient 1. Vein is enlarged, 
central lumen is of low attenuation because of 
presence of thrombus, and vessel wall is en- 
hanced after administration of IV contrast 
medium. 


Fig. 2.—CT scan of patient 6 shows throm- 
bosed right ovarian vein (arrow) and clot in cau- 
dal most inferior vena cava just above vena 
cava’s bifurcation (arrowhead). 
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Fig. 3.—Resolution of right ovarian vein thrombosis in patient 4. 
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A, Initial CT scan obtained 1 month before start of chemotherapy shows a dilated right ovarian vein (arrow) with no evidence of thrombus. 
B, CT scan obtained while patient was receiving chemotherapy shows that thrombus is now present (arrow). 
C, Follow-up CT scan obtained 3 months after B shows no thrombus. Note that ovarian vein also has decreased in caliber (arrow). 





Fig. 4.—Persistence of right ovarian vein thrombosis in patient 3. Follow- 
up CT scan shows persistent thrombus (arrow) 3 months after initial 
diagnosis. 


result of ascending septic thrombophlebitis [3, 4]. Classically, 
puerperal OVT presents as a syndrome of lower abdominal 
pain, fever, and a tender mass [1, 2]. The right ovarian vein 
is involved more frequently than the left [1, 2, 14]. It is thought 
that retrograde flow in the left ovarian vein prevents bacteria- 
laden blood from traveling up this vessel. The right ovarian 
vein has no such protective mechanism [1, 2]. 

Only a few reports on imaging of OVT have appeared in 
the radiologic literature. In the largest series to date [6], which 
includes five patients, all patients with puerperal OVT had 
well-defined tubular retroperitoneal masses extending from 
the pelvis to the infrarenal inferior vena cava that were de- 
tected easily on CT. These masses corresponded to dilated 
gonadal veins and usually contained a central low-attenuation 
region, presumably representing thrombus [6]. Ancillary find- 


ings such as an inhomogeneously enhancing pelvic mass and 
an enlarged uterus containing fluid were present in the major- 
ity of patients [6, 12]. 

Only two of nine patients we encountered in a 13-month 
period can be included in previously recognized risk groups 
(recent pelvic surgery). A third might have been at risk be- 
cause of treatment for a coagulopathy. The six remaining 
patients had underlying malignant tumors, and five were 
receiving high-dose chemotherapy at the time of OVT diag- 
nosis. Unlike patients in earlier reports, only one of these six 
patients was symptomatic. The CT findings in these six 
patients also differed from those described for patients with 
puerperal OVT. Although an enlarged ovarian vein containing 
low-attenuation thrombus generally was seen, none of our 
patients had uterine enlargement or other pelvic masses. 
Thus, the cause and manifestations of OVT in these six 
patients were dissimilar to those in postpartum patients. 

Chemotherapeutic agents have long been known to have 
a thrombogenic effect [15-19], possibly by damaging vascu- 
lar endothelial cells or by a direct effect on the clotting 
mechanism [15, 16]. Levine et al. [18] and Goodnough et al. 
[19] described an increased incidence (7% and 17.6%, re- 
spectively) of thromboembolic disease in breast cancer pa- 
tients on chemotherapy. Agents in their studies included 
cyclophosphamide, methotrexate, 5-fluorouracil, and predni- 
sone. Miller and Heilmann [15] noted increased thrombus 
formation in patients with gynecologic malignant tumors who 
were receiving treatment with cisplatin, doxorubicin, and cy- 
clophosphamide. Thus, all five of our chemotherapy patients 
were being treated with agents that have been directly related 
to an increased risk of venous thrombosis (Table 1). Interest- 
ingly, it is not clear why the ovarian vein exclusively was 
affected in these five patients. 

Malignancy alone also has been associated with an in- 
creased risk of thromboembolism. Although the cause of 
neoplasm-induced thrombosis has not been defined, tumors 
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may release substances into the circulation that activate the 
coagulation system [15]. All six of our patients with malignant 
tumors can, therefore, be considered to be at an increased 
risk for development of thrombosis, even in the absence of 
chemotherapeutic treatment. 

A number of possible complications have been recognized 
for puerperal and postsurgical OVT, ranging from septic pul- 
monary embolism to obstruction of the ureters [4, 20]. Prompt 
treatment consisting of anticoagulation and antibiotics usually 
is indicated; surgical intervention is reserved for failures of 
medical treatment [1-5, 21]. In our small group, no compli- 
cations of OVT occurred despite only one patient taking 
anticoagulants. Thrombus resolved completely in two of our 
patients who were not taking anticoagulants. 

With the advent of modern cross-sectional imaging tech- 
niques, it is likely that OVT will be diagnosed more often. 
Patients with malignant disease, particularly those on high- 
dose chemotherapy, have been recognized as a new group 
of patients at risk for development of OVT. Unlike puerperal 
or OVT after pelvic surgery, OVT associated with malignancy 
and chemotherapy can be asymptomatic. The need for routine 
anticoagulation and antibiotics in these patients is not yet 
clear, because thrombus can resolve without complications 
even in the absence of any treatment. 
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Duplex Doppler Sonography in 
Renal Allografts: The Significance of 
Reversed Flow in Diastole 





This study was undertaken to assess the significance of diastolic flow reversal seen 
on duplex Doppler sonograms of patients with renal transplant dysfunction. Earlier 
studies have evaluated the causes of increased vascular resistance in renal transplants. 
None, however, have investigated specifically the subset of patients in whom impedance 
in the renal microcirculation has increased to the degree that retrograde arterial flow is 
present. In our series, 533 consecutive scans in 270 patients were reviewed. The 
patients were referred for evaluation of renal transplant dysfunction during a 25-month 
period. Doppler samples were obtained from main, segmental, and, when possibile, 
arcuate arteries. An episode of reversed diastolic flow was identified in nine patients. 
Correlation was made with clinical, laboratory, histologic (biopsy in six patients, nephrec- 
tomy in three patients), and imaging studies (DTPA scintigraphy in seven patients, 
angiography in one patient). On the basis of histologic and nephrectomy results, we 
determined that among the nine patients, four had acute tubular necrosis, three had 
acute rejection, and two had renal vein thrombosis. One of these patients had both 
severe rejection and renal vein thrombosis. One additional patient had neither biopsy 
nor nephrectomy and was not included in the diagnostic groups listed here. 

Our study suggests that reversed diastolic flow is not specific for either acute rejection 
or acute tubular necrosis. Reversal of diastolic flow, however, is a poor prognostic sign; 
nephrectomy was imminent in three of the nine patients. Furthermore, two (22%) patients 
had renal vein thrombosis, whereas renal vein thrombosis was not found in any of the 
261 patients without reversed diastolic flow. Duplex Doppler examinations with reversed 
diastolic flow should suggest renal vein thrombosis. 
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Renal transplant dysfunction may occur for many reasons. Acute and chronic 
rejection, acute tubular necrosis, arterial or venous thrombosis, obstruction, infec- 
tion, and cyclosporin-A nephrotoxicity have all been implicated as causal factors. 
Unfortunately, these entities are largely indistinguishable by clinical means, and a 
reliable radiologic method of differentiation has been sought for many years. 
Sonography is an ideal technique and has been used extensively in this regard. 
Peritransplant collections, hydronephrosis, and kidney size are all routinely as- 
sessed sonographically. 

Recently, duplex Doppler imaging has added another dimension to the sono- 
graphic evaluation of the transplanted kidney. The normal arterial Doppler waveform 
shows antegrade flow throughout the entire cardiac cycle when the renal capillary 
bed maintains its normal low impedance state [1]. The amount of diastolic flow in 
the main, segmental, or arcuate arteries shown by duplex Doppler imaging provides 
information about the resistance of the renal microcirculation. Early reports claimed 
high sensitivity and specificity in diagnosing acute transplant rejection with duplex 
Doppler sonography [2-4]. As experience with renal transplant Doppler imaging 
has grown, however, it has become apparent that increased resistive index ([peak 
systolic velocity — end-diastolic velocity]/peak systolic velocity) is not sufficiently 
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specific to obviate biopsy in most cases of transplant dys- 
function [5-9]. In reviewing our experience with Doppler 
imaging of renal transplants, we have noted a particularly 
poor outcome in patients with extremely high vascular resis- 
tance as evidenced by actual reversal of flow in diastole. in 
addition, the recent study by Reuther et al. [10] showed an 
association between reversed diastolic flow and acute renal 
vein thrombosis. This study was undertaken to determine the 
significance, if any, of diastolic flow reversal in renal trans- 
plants. 


Materials and Methods 


During a 25-month period, 533 duplex Doppler examinations were 
performed on 270 (149 men, 121 women) patients who had under- 
gone renal transplantation. Ages ranged from 18 to 74 years (average, 
45.6 years). The time between transplantation and Doppler imaging 
ranged from 6 hr to more than 1 year. The majority of scans 
(approximately 70%) were obtained during the first 6 weeks post- 
transplantation. Examinations were performed with a 3- or 5-MHz 
mechanical sector or phased-array transducer with color and/or 
variable-gate, pulsed Doppler imaging. All studies were performed on 
commercially available units (Ultramark 4, 8, or 9, Advanced Tech- 
nology Laboratories, Bothell, WA). Doppler samples were obtained 
from main, segmental, and, when possible, arcuate arteries. The 
Doppler beam/transducer was angled to maximize Doppler frequency 
shifts. A 50- to 100-Hz wall filter was maintained. 

Nine patients were noted to have had an episode of diastolic flow 
reversal in all Doppler samples obtained. These patients showed 
either relatively flat, continuous reversal of flow throughout diastole 
or a distinct period of reversed flow in early diastole with a rapid 
return to baseline. Correlation in these nine cases was made with 
clinical, laboratory, histologic, and imaging data (scintigraphy and 
angiography). Histologic specimens (from biopsy or nephrectomy) 
were examined with standard light and electron microscopy and 
immunofluorescence by an experienced pathologist who was un- 
aware of the results of duplex Doppler sonography. 


TABLE 1: Summary of Patients’ Data 
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Results 


Reversal of diastolic flow was seen in six men and three 
women with an age range of 27-59 years. All nine patients 
had cadaveric transplants. An episode of flow reversal in 
diastole was identified by duplex Doppler sonography be- 
tween 12 hr and 6 weeks after transplantation. Diastolic flow 
reversal was never identified on sonograms obtained more 
than 6 weeks after transplantation. When reversed diastolic 
flow was present, serum creatinine levels ranged from 5.2 to 
14.3 mg/dl. Seven patients underwent scintigraphy and one 
patient underwent angiography. Six patients had biopsy and 
three had transplant nephrectomy. Histology revealed acute 
rejection in four patients, acute tubular necrosis in four pa- 
tients, vascular thrombosis in two patients, and acute inter- 
stitial nephritis in one. In two patients, more than one process 
was identified. 

Pertinent clinical and imaging data are summarized in Table 
1. Representative spectral patterns are shown in Figures 1-4. 


Discussion 


Increasing experience has led to a better appreciation of 
the role of the Doppler examination in the evaluation of renal 
transplant dysfunction. Although the presence of acute arte- 
rial thrombosis may be definitively established in patients on 
the basis of an absent Doppler signal, the more common 
problems of acute rejection, acute tubular necrosis, and cy- 
closporin-A nephrotoxicity remain largely indistinguishable 
when resistive index is used as a reflection of increased 
vascular resistance [5-9]. in this study, we attempt to deter- 
mine if the isolation of a specific subset of patients with 
extremely high vascular resistance has any diagnostic value. 

In the differentiation of acute transplant rejection from other 
common causes of renal transplant dysfunction, the presence 


p 





Ei Pos oe taton Scintigraphy/Angiography Histology Outcome 
1 12 days Good perfusion, no excretion ATN Doppler NL 
2 3 days Delayed flow. minimal func- ATN + AIN Doppler NL 
tion 
3 2 days Absent perfusion, angiogra- RVT + AR Nephrectomy 
phy interpreted as occlu- 
sion at renal artery origin 
4 6 weeks None performed infarction + AR Nephrectomy 
5 1 week None performed No biopsy, Doppler NL 
treated with 
steroids 
6 1 week Minimally increased perfu- ATN + AR Doppler NL 
sion, no excretion 
7 3 days Good perfusion, moderate AR Doppler NL 
function 
8 9 days Absent perfusion RVT Nephrectomy 
9 6 weeks Good perfusion, minimal ex- ATN Doppler NL 


cretion 


Note.—ATN = acute tubular necrosis, NL = normal, AIN = acute interstitial nephritis, RVT = renal vein thrombosis, 


AR = acute rejection. 
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Fig. 1.—Acute transplant rejection (patient no. 
7). Doppler waveform shows sharp systolic rise 
with pronounced, transient flow reversal in early 
diastole. Note absent flow in late diastole. 


Fig. 2.—Acute tubular necrosis (patient no. 1). 
Doppler spectrum shows thin, high systolic 
peaks and marked negative flow reversals, 
which last throughout diastole. 


Fig. 3.—Acute rejection with hemorrhagic in- 
farction (patient no. 4). Doppler spectrum shows 
sharp systolic peaks followed by brief periods 
of flow reversal. A transient pulse of forward 
flow is seen in middiastole and a second nega- 
tive component occurs in late diastole. This was 
only patient in whom such a pattern was found; 
its cause and significance are uncertain. 


Fig. 4.—Renal vein thrombosis (patient no. 3). 
Doppler waveform shows sharp systolic peaks 
and relatively flat, reversed flow throughout 
diastole. Note mild accentuation of negative flow 
toward end diastole. Scintigram (not shown) 
showed absent perfusion. Renal vein thrombosis 
was found at surgery. 





DOPPLER SONOGRAPHY OF RENAL ALLOGRAFTS 297 





of reversed diastolic flow appears to suffer the same limita- 
tions described in the general population of patients with 
increased vascular resistance [5-9]. Again, we were unable 
to differentiate acute rejection from acute tubular necrosis. 
Whether or not cyclosporin-A nephrotoxicity can cause rever- 
sal of diastolic flow cannot be assessed in our population of 
patients because the number of subjects is small and cyclo- 
sporin-A nephrotoxicity is relatively uncommon. We can con- 
clude only that in the evaluation of acute rejection vs other 
causes of renal transplant dysfunction, even extremely high 
vascular resistance is not specific. Thus, Doppler evaluation 
cannot obviate biopsy in even this small segment of patients. 
Although the identification of negative diastolic flow may 
not allow differentiation of acute rejection from other abnor- 
malities, patients with diastolic flow reversal are, nonetheless, 
highly unusual in several other important aspects. First, 30% 
of patients with reversed diastolic flow required transplant 
nephrectomy. This may be contrasted with a nephrectomy 
rate of 1-2% in our overall transplantation population. 
Furthermore, two of nine patients had renal vein thrombo- 
sis, and in the entire transplantation population, renal vein 
thrombosis was identified only in patients with reversed dia- 





stolic flow. We found the spectral patterns in our two patients 
to be remarkably similar to those described by Reuther et al. 
[10] as specific for renal vein thrombosis. Both of our patients 
had relatively flat, continuous reversal of flow in diastole. The 
“retrograde, plateau-like” flow described by Reuther et al. 
[10], indeed, was present in both cases of renal vein throm- 
bosis that we saw. However, another of our patients (patient 
no. 5) had Doppler spectral patterns identical to those re- 
ported by Reuther et al. [10] and had a normal outcome with 
no evidence of renal vein thrombosis. This patient leads us to 
question the absolute specificity of the finding of continuous, 
retrograde flow in diagnosing renal vein thrombosis. 
Comparing the Doppler spectra of these three patients with 
the Doppler spectra of the remaining six patients with negative 
diastolic flow, we did find significant differences. All of the 
remaining patients exhibited a sharp accentuation of reversed 
flow in early diastole with a return to baseline at some point 
before the onset of the next cardiac cycle. This pattern of 
transient flow reversal is similar to what is seen in normal high 
resistance arteries such as the aorta or external carotid. We 
should point out, however, that one of our patients with renal 
vein thrombosis had both early diastolic accentuation and flat, 
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continuous retrograde diastolic flow thereafter. This patient 
had both severe rejection and renal vein thrombosis. Con- 
versely, the other patient with pure mechanical venous ob- 
struction and no rejection had only the flat, retrograde pattern. 

The Doppler study alone should be strongly suggestive of 
renal vein thrombosis. Comparison with scintigraphy, how- 
ever, should be diagnostic. In both of our cases, perfusion 
was absent on the scintigram. Similarly, in the one patient 
who underwent arteriography, an iliac injection failed to fill the 
renal artery. Failure to identify net forward flow on a scintigram 
(or arteriogram), while the Doppler study shows the arteries 
to be patent, can only be taken to imply obstruction to the 
vascular outflow, or renal vein thrombosis. 

Our study of renal transplants with reversed diastolic flow 
indicates that, even in the most extreme cases, increased 
vascular resistance cannot be used to differentiate between 
acute transplant rejection and acute tubular necrosis. On the 
other hand, the finding of diastolic flow reversal is a poor 
prognostic indicator for graft survival; 30% of our patients 
required imminent transplant nephrectomy. In addition, renal 
vein thrombosis should be suspected in any patient with 
negative diastolic flow. Once retrograde diastolic flow is iden- 
tified, more specific features of renal vein thrombosis (flat, 
retrograde diastolic flow or absence of early diastolic accen- 
tuation) should be sought and comparison made with scintig- 
raphy. The finding of a typical Doppler pattern and absent 
perfusion on scintigrams should be diagnostic. Arteriography 
should not be necessary to diagnose renal vein thrombosis. 
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Does Medullary Sponge Kidney 
Cause Nephrolithiasis? 





The prevalence of medullary sponge kidney in patients with nephrolithiasis and the 
issue of whether or not medullary sponge kidney has a role in the pathogenesis of renal 
stones are controversial. We studied the excretory urograms of 280 patients with 
nephrolithiasis and 280 patients without either nephrolithiasis or a history of renal stones 
to determine the frequencies of medullary sponge kidney in the two groups. The criterion 
for the diagnosis of medullary sponge kidney was the presence of a minimum of three 
linear or round collections of contrast material within one renal papilla. In the patients 
with nephrolithiasis, we also looked for biochemical evidence of metabolic causes of 
renal stones. The frequency of medullary sponge kidney was 12% in patients with 
nephrolithiasis compared with 1% in patients without nephrolithiasis. The statistical 
difference was highly significant (chi square = 27.1; p < .001). Metabolic disorders 
accounting for the lithiasis were detected in 93% of the patients with stones without 
medullary sponge kidney. Such evidence was present in 60% of patients with stones 
and medullary sponge kidney. The statistical difference was significant (chi square = 
25.8; p < .001). 

Our results suggest that medullary sponge kidney is a cause of nephrolithiasis. 


AJR 155:299-302, August 1990 


Since the first description of medullary sponge kidney by Lenarduzzi [1] in 1938, 
the frequency of this condition and whether or not it is a cause of renal lithiasis 
remain a matter of debate. To shed light on these questions, we compared the 
frequencies of medullary sponge kidney on excretory urograms obtained in patients 
with and without renal stones. In patients with renal stones, we also looked for 
biochemical evidence of metabolic causes of nephrolithiasis (hypercalciuria, hyper- 
uricosuria, hyperoxaluria, hypocitraturia, cystinuria, and distal renal tubular aci- 
dosis). We then compared the frequency of lithogenic metabolic disorders in stone 
formers with and without medullary sponge kidney. 


Materials and Methods 


We studied the excretory urograms of 280 consecutive patients with renal stones and of 
a control group of 280 patients without renal stones or a history of nephrolithiasis. The renal 
stone group comprised 199 men and 81 women 19-72 years old (mean, 44); the control 
group comprised 182 men and 98 women 20-81 years old (mean, 49). The frequency of 
medullary sponge kidney was determined for both groups. 

The excretory urograms usually were obtained with Urografin 76% (Schering, Berlin, FRG), 
0.7-1 ml/kg (266-380 mg iodine/kg). A preliminary radiograph of the abdomen and one or 
more unenhanced tomograms of the kidneys were obtained. Immediately after injection of 
the contrast medium, two tomograms of the kidneys were obtained, followed at 5 min by a 
radiograph of the abdomen and later by posteroanterior and oblique radiographs. The 
radiologic criteria for diagnosis of medullary sponge kidney were the presence of a minimum 
of three linear or round collections of contrast material (Figs. 1 and 2A) within one or several 
renal papillae in the absence of obstruction. A minimum of three collections per papilla was 
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A 


Fig. 1.—Medullary sponge kidney. Contrast-en- 
hanced tomogram shows linear collections of con- 
trast material in papillae of lower pole of kidney. 
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Fig. 2.—The most moderate and subtle radiologic signs of medullary sponge kidney in our series. 
A, Oblique tomogram of left lower renal pole. In one single papilla are seen small round collections 
of contrast material (arrow), which were invariably present on five excretory urograms over 15 years. 


B, Survey micrograph of upper pole shows shortened papilla containing dilated collecting tubules. 
This image is consistent with a moderate form of medullary sponge kidney, which was never 
detected on excretory urograms. (H and E, x7.5) (Reprinted with permission from Jaeger et al. [2].) 


required to distinguish medullary sponge kidney from other types of 
papillary radiopacities such as a caliceal diverticulum or papillary 
necrosis. Finally, a homogeneous blush (Fig. 3) of one or several renal 
papillae without evidence of obstruction on radiographs obtained 
more than 10 min after injection of contrast medium was considered 
a possible minor form of medullary sponge kidney because of the 
conflicting medical opinion about its actual significance. The frequen- 
cies of medullary sponge kidney in the two groups of patients, that 
is, those with and without nephrolithiasis, were determined. The 
statistical significance of the difference was evaluated by the chi- 
square test [3]. 

In patients with nephrolithiasis, we looked for the metabolic disor- 
ders that can account for renal stones (hypercalciuria, hyperuricos- 
uria, hyperoxaluria, hypocitraturia, cystinuria, and distal renal tubular 
acidosis), according to a protocol previously described in detail [4]. 
We then compared the frequency of nephrolithogenic metabolic dis- 
orders in stone formers with that in those without medullary sponge 
kidney. The statistical significance of this difference was also evalu- 
ated by the chi-square test [3]. 


Results 


Of 280 renal stone formers, evidence of medullary sponge 
kidney was present on the urogram of 35 patients (12%), 21 
men and 14 women with a mean age of 41 years. Of the 280 
patients without renal stones, medullary sponge kidney was 
present in only three (1%), one man and two women with a 
mean age of 30 years. Statistically, the difference was highly 
significant (chi square = 27.1; p < .001). 

Evidence of a minor form of medullary sponge kidney was 
present in 11 patients (4%), five men and six women with a 
mean age of 42 years, in the group of 280 patients with renal 
stones and in seven patients (3%), three men and four women 
with a mean age of 32 years, in the 280 patients without renal 
stones. The difference was not significant (chi square = 0.5). 





Fig. 3.—Possible minor form of medullary sponge kidney. Several pa- 
pillae of homogeneous iodized opacities (blush) persisted on radiographs 
obtained more than 10 min after IV injection of contrast medium. Their 
clinical significance has not been established. 


Among the 234 stone formers without radiologic evidence 
of medullary sponge kidney, 215 (92%) had one or several of 
the following metabolic disorders generally considered as 
potentially nephrolithogenic: primary hyperparathyroidism 
(n = 9), idiopathic hypercalciuria (n = 164), hyperuricemia 
and/or hyperuricosuria (n = 42), hyperoxaluria (n = 20), and 
hypocitraturia (n = 18). Among the 35 stone formers with 
medullary sponge kidney, only 21 (60%) had metabolic dis- 
orders regarded as potentially nephrolithogenic. The differ- 
ence was statistically significant (chi square = 25.8; p < .001). 
Moreover, of these 21 patients, seven had metabolic nephrol- 
ithogenic disorders classically considered as a potential con- 
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sequence of medullary sponge kidney, such as hypercalciuria 
with renal leak (n = 6) and distal renal tubular acidosis (n= 
1). Thus, only 40% of the stone formers with medullary 
sponge kidney (n = 14) had a nephrolithogenic metabolic 
disorder bearing no obvious relation to medullary sponge 
kidney, such as dietary (n = 5) or absorptive (n = 1) hyper- 
calciuria, primary hyperparathyroidism (n = 1), hyperuricemia 
and/or hyperuricosuria (n = 6), and isolated hypocitraturia 
(n= 1). 


Discussion 
Frequency of Medullary Sponge Kidney 


The frequency of medullary sponge kidney reported in the 
medical literature is highly variable. Most of the reports make 
no distinction between patients with and without nephrolithi- 
asis and give a global prevalence of medullary sponge kidney 
on excretory urograms that ranges between 0.5 and 3.5% 
[5-9]. The frequency of medullary sponge kidney that we 
found on urograms of patients with renal stones (12%) is 
close to the numbers reported by Parks et al. [10] and Yendt 
[11], who found in calcium stone formers prevalences of 13 
and 21%, respectively. Differences in radiologic criteria may 
account, at least in part, for the various prevalences reported; 
indeed, Palubinskas [5] made the diagnosis of medullary 
sponge kidney only if all the papillae of both kidneys were 
involved, whereas Parks et al. [10] made it as soon as half of 
the papillae of both kidneys were involved. Yendt [11] made 
the diagnosis if three papillae in one or both kidneys were 
involved. Because it is now agreed that medullary sponge 
kidney may be a unilateral and even a focal lesion [12], we 
made the diagnosis of medullary sponge kidney even if only 
one single papilla was involved. 

It is noteworthy that the number of papillae involved in 
medullary sponge kidney is probably underestimated on a 
Classic excretory urogram. Indeed, one of our patients had 
signs on the excretory urogram of medullary sponge kidney 
in one single papilla of the lower pole of the left kidney: these 
were small, round or oval iodized opacities 0.5-1 mm in 
diameter (Fig. 2A). Among the 35 patients with a major form 
of medullary sponge kidney, the most subtle radiographic 
signs were seen in this patient, albeit they were invariably 
present on five excretory urograms obtained over a 15-year 
period because of recurring renal calculi on the left side. On 
none of these urograms did we find any evidence of medullary 
sponge kidney, either in the other papillae in the left kidney 
or the right kidney. Because of a renal abscess, this patient 
underwent left superior polar nephrectomy; the histopatho- 
logic examination displayed one papilla that was shortened 
and contained dilated collecting tubules. The epithelium of 
most of the dilated tubules was low and cuboidal; no abnor- 
mality was noticed in the outer medulla (Fig. 2B). According 
to the pathologist, these images were consistent with a 
moderate form of medullary sponge kidney [12]. However, 
this had never been detected radiologically at this upper pole 
of the left kidney. 
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Relevance of Medullary Sponge Kidney in Renal Lithiasis 


The present study demonstrates that medullary sponge 
kidney is encountered much more often in a population of 
renal stone formers (12%) than in a control population without 
nephrolithiasis (1%). Medullary sponge kidney does not ap- 
pear as a chance association with stone disease, but on the 
contrary is a potential cause of nephrolithiasis. Indeed, 
whereas 93% of the group of stone formers without medullary 
sponge kidney had a metabolic disorder to account for the 
disease, only 60% of the group of stone formers with med- 
ullary sponge kidney had such a disorder (p < .001). Thus, 
in 40% of the stone formers, medullary sponge kidney was 
the only detected cause of nephrolithiasis. Moreover, in one- 
third of the stone formers with both medullary sponge kidney 
and a metabolic disorder, the disorders were those classically 
considered a potential consequence of medullary sponge 
kidney, that is, hypercalciuria due to a renal leak [2, 13] and 
distal renal tubular acidosis [14]. 

Medullary sponge kidney might lead to stone formation by 
several mechanisms. Firstly, it could lead to urine stagnation 
in dilated precaliceal collecting tubules and thereby favor 
precipitation of stone material; it is possible that this conjec- 
tural mechanism played a role in the patients with medullary 
sponge kidney without metabolic nephrolithogenic disorders. 
Secondly, medullary sponge kidney may lead to a renal leak 
of calcium and thereby to hypercalciuria [12, 13]. In our series, 
six patients among the 35 stone formers with medullary 
sponge kidney had hypercalciuria because of renal leaks. 
Thirdly, medullary sponge kidney may lead to distal renal 
tubular acidosis [14]; this occurred in only one patient in our 
series. 

Finally, the significance of a homogeneous blush (Fig. 3) on 
renal papillae remains a matter of debate. Yendt [1 1] does 
not consider this to represent medullary sponge kidney, 
whereas other authors [15, 16] regard it as a minor form of 
medullary sponge kidney. Hayt et al. [17], by using direct 
magnification radiography with a 0.3-mm focal spot, showed 
that a pyramidal blush may correspond to individual dilated 
tubules. In our series, the frequency of blush on renal papillae 
was not significantly higher in the group of patients with 
nephrolithiasis (4%) than in the group without nephrolithiasis 
(3%). 

In summary, the present study confirms the recent obser- 
vations by Yendt [11] and Parks et al. [10] that medullary 
sponge kidney is a common finding in patients with renal 
stones, 12% in our series. This frequency is much higher than 
that usually cited in the radiologic literature. Conversely, the 
frequency of medullary sponge kidneys in patients without 
nephrolithiasis is rare, 1% in our series. This study provides 
arguments favoring a nephrolithogenic role in this anatomic 
abnormality. The clinical significance of a homogeneous blush 
in renal papillae remains uncertain. 
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Prostatic Comedocarcinoma: 
Correlation of Sonograms with Pathologic 
Specimens in Three Cases 


A unique sonographic appearance that correlates with comedocarcinoma of the 
prostate is described. The hard-copy and videotaped transrectal sonograms obtained 
in 27 patients before radical prostatectomy were reviewed. In three, the sonograms had 
a distinctive appearance characterized by a hypoechoic lesion containing stippled areas 
of hyperechogenicity. This was not present in the other 24. The sonograms of all 27 
patients were compared with whole-mount histopathologic sections of the radical pros- 
tatectomy specimens. This comparison showed that the distinctive sonographic abnor- 
malities in these three patients were caused by foci of comedocarcinoma, an aggressive 
variant of prostatic carcinoma (Gleason pattern 5). In none of the other 24 patients were 
similar sonographic findings seen and none had comedocarcinoma at histopathologic 
examination. 

These findings suggest that a hypoechoic lesion containing diffuse, stippled echo- 
genicity may be a sonographic sign of comedocarcinoma. 


AJR 155:303-306, August 1990 


Transrectal sonography of the prostate is used widely as a tool for detecting 
and staging prostatic carcinoma. The sonographic appearance of early prostate 
cancer is generally agreed to be a hypoechoic lesion; however, some controversy 
remains [1-3]. Although whole-mount histologic sections are regarded as a gold 
standard for comparison, the majority of the data identifying the echo texture of 
prostatic cancer are based on the correlation of sonograms with needle biopsy 
results [4]. Recently, Rifkin et al. [3] used whole-mount sections in a portion of 
their patients and correlated the sonographic appearance of carcinoma with the 
Gleason grade and the degree of stromal fibrosis. In general, they found that 
hypoechoic lesions were better differentiated and had less stromal fibrosis than 
isoechoic or hyperechoic lesions. Hyperechoic lesions usually were differentiated 
less well. 

We noted a pattern of speckled echogenicity in a hypoechoic lesion on a 
transrectal sonogram in a patient with prostatic carcinoma. To determine the 
significance of this finding we reviewed the sonograms of patients with prostatic 
cancer who had transrectal sonograms before radical prostatectomy and correlated 
the findings with whole-mount histopathologic sections of the prostatic specimens. 


Materials and Methods 


We reviewed the videotape and hard-copy sonograms of 27 patients in whom transrectal 
sonograms were obtained before radical prostatectomy. The average age of the patients was 
63 years (range, 50-73). Fourteen patients had palpable nodules on rectal examination. The 
diagnosis of prostate cancer was made on the basis of digitally or sonographically guided 
biopsy (21 patients) or on the basis of transurethral resection specimens (five patients) 
obtained before radical prostatectomy. The complete medical record of one patient could not 
be found. Sonograms were obtained from 4 years after biopsy to 1 month before biopsy. 
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Sonography was performed within 3 months of biopsy in all 21 
patients. Radical prostatectomy was performed within 17 weeks after 
transrectal sonography in all patients and within 4 weeks in 19 
patients. 

Transrectal sonography was performed by using a General Electric 
RT 3600 unit with a biplane rectal transducer operating at 6.25 MHz. 
The examinations were videotaped on standard VHS recording equip- 
ment; film copies were made also. The videotapes and films of the 
sonograms were reviewed. All subjects were known to have prostatic 
cancer, but the specific histopathologic grade and the location of the 
cancer within the gland were unknown. Representative drawings of 
the prostate gland were made at three levels: base, middle, and 
apex, following review of the sonographic examination. Suspicious 
regions of tumor identified on the sonograms were drawn on these 
diagrams and the sonographic characteristics were noted. After 
completing this review, comparison with the whole-mount histologic 
sections from the radical prostatectomy specimens was made at 
each of the corresponding three levels for each prostate. 

Radical prostatectomy specimens were prepared for whole-mount 
histologic examination by a modification of the method reported by 
Byar et al. [5]. After surgery, each gland was fixed by suspending it 
in 10% neutral buffered formalin for 3 days. The left side of the gland 
was marked with blue ink and the right side with green to ensure 
unequivocal orientation of the histologic section. Uniform 4-mm-thick 
slices were prepared by using a mechanical slicer. Each slice (six to 
nine per gland) was embedded in paraffin. A 6-um-thick histologic 
section was cut from the distal face of each block and then stained 
with hematoxylin and eosin. The borders of carcinomas visible at 
x100 magnification were marked directly on the slide’s coverslip by 
using permanent marking pens. Histologic grades were assigned to 
cases according to the Veterans Administration Cooperative Urolog- 
ical Research Group (VACURG) system described by Gleason [6]. 


Results 


In 24 of the 27 cases, the sonogram showed prostatic 
cancers as a hypoechoic lesion. In the other three, the hypo- 
echoic lesion had diffusely speckled hyperechogenic foci 
(Figs. 1-3). One of the three patients had undergone radiation 
therapy 4 years before the sonogram and radical prostatec- 
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tomy was performed as a salvage procedure after recurrence 
of disease. The other two had no clinical characteristics that 
distinguished them from the other 24 patients. The three 
patients were alive 2-212 years after surgery, though two of 
them had widespread metastatic disease. No posterior acous- 
tic shadowing was noted from any of the echogenic areas 
within the hypoechoic lesion. 

Regional comparison at the three levels of the sonographic 
images with the whole-mount sections showed that these 
lesions were comedocarcinomas (Fig. 4). There was excellent 
correlation between the area of tumor seen at sonography 
and the area of tumor on whole-mount histology. The region 
of comedocarcinoma occupied between 40% and 60% of the 
total tumor volume in these patients. No pathologic evidence 
of hemorrhage was present in any of the cases. Small areas 
of fibrosis were seen in patients with comedocarcinoma, but 
the fibrosis was of the same degree as in the other cancer 
patients. Review of the histology in the other 24 patients 
showed no comedocarcinomas. Though the sonographically 
identified tumors in the other 24 patients were hypoechoic, 
none contained diffuse stippled echogenicity. 


Discussion 


Over the last 10 years, the use of transrectal sonography 
for the evaluation of prostatic carcinoma has been studied by 
many investigators. Only a limited number of these studies 
have compared the sonographic findings with whole-mount 
prostatectomy histologic sections [2, 3, 7-9]. However, such 
histologic examination has been recommended as a gold 
standard for the pathologic correlation of sonographic images. 

Salo et al. [8] compared the sonographic appearance of 
prostatectomy specimens in vitro with whole-mount histologic 
sections. The most well-differentiated tumors had a hypoecho- 
ic or uniform echo pattern; more poorly differentiated lesions 
were echogenic or had a mixed echo pattern. 





Fig. 1.—59-year-old man who received radiation therapy for prostatic carcinoma 4 years before transrectal sonography. 

A, Transverse sonogram shows multiple nonshadowing hyperechoic foci (arrowheads) in a hypoechoic lesion (arrows) in peripheral zone of prostate. 
B, Longitudinal sonogram (right side) shows nonshadowing stippled hyperechoic foci (black arrows) within hypoechoic lesion (white arrows). 

C, Transverse whole-mount histologic section from same region shows extensive tumor (dot outline). 
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Fig. 2.—65-year-old man with firm right lobe of prostate. 


A, Transverse sonogram shows hypoechoic lesion (arrows) containing stippled echogenic foci. 
B, Longitudinal transrectal sonogram (right side) shows large, slightly hypoechoic mass with small echogenic foci (arrowheads). 
C, Transverse whole-mount histologic section shows tumor (dot outline) in corresponding region of gland as well as small foci laterally. 





Fig. 3.—64-year-old man with prostatic nodule. 
Longitudinal transrectal sonogram (right side) 
shows hypoechoic lesion in peripheral zone of 
prostate (arrowheads). Small echogenic foci are 
present within lesion. 


Rifkin et al. [3] evaluated transrectal sonograms in 11 
patients who subsequently had radical prostatectomy. The 
degree of echogenicity was correlated with the Gleason grade 
of the biopsy-proved cancers. Low-grade lesions had a hy- 
poechoic appearance; high-grade cancers had increased ech- 
ogenicity. Increased echogenicity was proposed to be asso- 
ciated with greater fibrosis. Additional patients who had bi- 
opsy but did not have radical prostatectomies were included 
in this study and similar findings were seen [3]. 

Conversely, Griffiths et al. [7] studied sonograms of 221 
patients who subsequently had either needle biopsy or radical 
prostatectomy. They concluded that there was no correlation 
between the sonographic appearances of prostatic cancer 
and the histologic grading of the tumor. Likewise, Dahnert et 
al. [2] compared the sonographic appearance of the prostate 


Fig. 4.—A, Histologic section of Gleason pattern 5 (comedocarcinoma) shows central zone of 
necrotic debris (D) within cancer. (H and E, x 160) 

B, Lower power shows area of Gleason pattern 5 (comedocarcinoma) surrounded by cords of 
nonnecrotic tumor. (H and E, x 100) 


with radical prostatectomy specimens in 52 patients with 
prostatic cancer. They classified lesions as appearing echo- 
penic, hypoechoic, isoechoic, hyperechoic, or “mixed.” They 
concluded that none of these sonographic patterns correlated 
with the grading system of Gleason. 

In our study, hypoechoic lesions that contained multiple 
small hyperechoic foci were found exclusively in patients who 
had comedocarcinoma, a subtype of pattern 5 as described 
by Gleason [6] and the most malignant form of prostatic 
carcinoma. Patients with this variety of tumor score are at a 
higher clinical stage at the time of diagnosis, and have a 
higher mortality as well (21 cancer deaths per 100 patient 
years). Histologically, the comedocarcinoma subtype is char- 
acterized by circumscribed nests of epithelial cells with central 
areas of necrosis [6]. 
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Since the unique feature of the comedocarcinoma is the 
presence of central necrosis, it follows that the necrosis may 
cause the small focal areas of hyperechogenicity seen sono- 
graphically. The brightness of these signals may be due to 
the acoustic interface between the viable tumor and necrotic 
debris. The sonographic appearance is not likely due to 
fibrosis because patients with comedocarcinoma did not have 
any more fibrosis than the other cancer patients who did not 
have this sonographic pattern. Another plausible explanation 
for the sonographic appearance is that necrotic areas of tumor 
may undergo dystrophic calcification. These deposits would 
be much smaller than prostatic calculi or corpora amylacea. 
Such fine calcifications might not produce posterior acoustic 
shadows like larger calcifications do. 
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Diagnosis of Ectopic Pregnancy: 
Endovaginal vs Transabdominal 
Sonography 


During a 25-month period, 193 women with the clinical diagnosis of suspected ectopic 
pregnancy had transabdominal and endovaginal sonograms. Most had quantitative 
determinations of serum human chorionic gonadotropin (HCG). Endovaginal sonography 
was diagnostic of ectopic pregnancy in 23 (38%) of the 60 patients with surgically 
proved ectopic pregnancies: transabdominal sonography was diagnostic in 13 patients 
(22%). All 83 intrauterine pregnancies were identified with endovaginal sonography, 
compared with 34 identified with transabdominal sonography. Endovaginal sonography 
was somewhat more helpful in the diagnosis of missed abortion and blighted ovum. 
Eighty endovaginal sonograms were classified as indeterminate as compared with 141 
transabdominal studies. This indeterminate group included patients with complete 
abortions, ectopic pregnancies without sonographic evidence of an extrauterine gesta- 
tion, incomplete abortions, and patients with subsequent negative serum levels. 

As in prior reports, endovaginal sonography was superior to transabdominal sonog- 
raphy in the evaluation of suspected ectopic pregnancies. Overall, endovaginal sonog- 
raphy was diagnostic in 113 patients, whereas transabdominal sonography was diag- 
nostic in 52 patients. The finding of an extrauterine fetal pole or embryo was diagnostic 
for an ectopic pregnancy. Pelvic fluid, the appearance of the endometrium, and a single 
positive serum HCG determination were not helpful in making the diagnosis of ectopic 
pregnancy. 
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In this study, we report our experience with transabdominal and endovaginal 
sonography in the examination of patients with suspected ectopic pregnancies in 
order to compare the diagnostic accuracy of these two techniques and to correlate 
sonographic findings with serum levels of human chorionic gonadotropin (HCG) 
and the final clinical diagnosis. 


Subjects and Methods 


All women referred for pelvic sonography with the clinical diagnosis of suspected ectopic 
pregnancy underwent both endovaginal and transabdominal sonography. Of the 193 women 
studied, 143 had quantitative assays for serum HCG performed within a few hours of 
sonography. 

The serum HCG concentrations were determined by using the Tandem-R-hCG, 
ImmunoRadioMetric Assay (Hybritech, Inc., San Diego, CA), which is standardized to the 
World Health Organization International Standard (#75-537). Serum concentrations of HCG 
were reported in milli-international units per milliliter (mlU/ml). The remaining 50 patients had 
positive urine pregnancy tests performed in the emergency department by using the qualitative 
Hybritech urine ICON hCG system, which has a sensitivity of 25 mIU HCG per milliliter. 

Transabdominal sonography was performed on commercially available real-time sono- 
graphic units (General Electric RT/T 3600, RT/T 2800, or Radius Systems, Milwaukee, WI) 
by using 3.5- or 5.0-MHz transducers and a full-bladder technique. After the transabdominal 
study, the patient voided, and endovaginal sonography was performed by using a 7.5-MHz 
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endovaginal probe (Ausonics, Lane Cove, NSW, Australia). In most 
cases, the transabdominal and endovaginal studies were performed 
by the same examiner and interpreted at the time of the study. The 
uterine cavity, adnexal regions, and the presence or absence of pelvic 
fluid were evaluated specifically. Sonographic findings were corre- 
lated with serum concentrations of HCG and compared with the final 
clinical diagnosis. 

All women who had documented ectopic pregnancy underwent 
surgery. In all patients with complete abortions, serial assays showed 
that serum levels of HCG dropped to zero. Patients with incomplete 
abortions, missed abortions, or blighted ova had dilatation and cu- 
rettage. All women with normal intrauterine pregnancies had normal 
clinical or sonographic follow-up examinations. 

Of the 193 women with the clinical diagnosis of suspected ectopic 
pregnancy who were examined with endovaginal and transabdominal 
sonograms, 83 (43%) had an intrauterine pregnancy, 60 (31%) had a 
surgically proved ectopic pregnancy, 28 (15%) had a complete abor- 
tion, and 14 (7%) had an incomplete abortion, a missed abortion, or 
a blighted ovum. Eight women had no HCG detected in their serum. 
The diagnoses in these women included a ruptured ovarian cyst 
(three), hepatic trauma with hemoperitoneum (one), chronic cervicitis 
(one), and pelvic inflammatory disease (three). 


Results 


All 83 intrauterine pregnancies were identified with endo- 
vaginal sonograms. Of these, 49 (59%) were identified with 
endovaginal sonography after an indeterminate transabdom- 
inal study. This observation with endovaginal sonography 
effectively eliminated ectopic pregnancy as a diagnostic pos- 
sibility. The other 34 patients had diagnostic transabdominal 
studies, but the endovaginal study often provided better detail 
of the fetus and membranes. However, in this group of 34 
patients, clinical management was not altered by the endo- 
vaginal sonogram. 

Twenty-three of the 60 surgically proved ectopic pregnan- 
cies were identified with endovaginal sonography. In 17 of 
the 23 ectopic pregnancies identified by endovaginal sonog- 
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raphy, a gestational sac, fetal pole or embryo, and fetal heart 
motion were detected outside the endometrial cavity (Fig. 1). 
In the other six patients with ectopic pregnancy diagnosed by 
endovaginal sonography, a definite gestational sac with an 
echogenic rim and fetal pole or embryo were identified. Other 
less specific or diagnostic findings on endovaginal sonograms 
in the patients with documented ectopic pregnancies in- 
cluded: a thick-walled anechoic structure with an echogenic 
rim representing an ectopic gestational sac in nine patients 
(Fig. 2), a complex adnexal mass in 13 patients (Fig. 3), 
normal ovaries without identifiable masses in nine patients, 
and simple cysts in three patients. Three patients were erro- 
neously thought to have normal ovaries. However, there was 
a discrepancy in size between the ovaries. In these cases, 
the ectopic pregnancy was located on the side with the 
presumed larger but otherwise normal ovary. Transabdominal 
sonography identified 13 patients with an extrauterine ges- 
tational sac and fetal pole or embryo. Three ectopic pregnan- 
cies were seen on transabdominal but not on endovaginal 
sonograms. A gestational sac with a viable fetus was located 
above the uterus in two, and a complex mass above the 
uterus was present in the third patient. The endovaginal probe 
was unable to attain the required imaging depth to identify 
these structures (Fig. 4) (Table 1). 

The average serum concentration of HCG in patients with 
a viable extrauterine gestation was 30,031 mlU/ml (range, 
3950-81 ,300 mlU/ml). These values fell within the normal 
range of this hormone for comparable normal pregnancies. 
The average serum concentration of HCG in the six patients 
with a gestational sac and fetal pole but no cardiac activity 
was 2404 mlU/ml (range, 353-5070 miU/ml). The average 
crown-rump length of ectopic pregnancies was 14.5 mm when 
fetal heart motion was present and 15.8 mm when fetal heart 
motion was absent. 

The presence of pelvic fluid was helpful in suggesting the 
diagnosis of ectopic pregnancy only when the patient had a 
moderate to large amount of fluid. In our patients with a 





Fig. 1.—Endovaginal sonogram of ectopic preg- 
nancy shows extrauterine gestational sac and em- 
bryo (arrowheads). Cardiac activity was detected. 

pregnancy. 


Fig. 2.—Endovaginal sonogram of ectopic 
Pregnancy shows an adnexal ring outlined by 
cursors, which is highly suggestive of ectopic 


Fig. 3.—Endovaginal sonogram of ruptured 
ectopic pregnancy shows complex adnexal 
mass with cystic and solid components outlined 
by cursors. 
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Fig. 4.—Transabdominal sonogram shows an extrauterine gestational 
sac with embryo (arrowheads) above uterus on longitudinal scan. Endo- 
vaginal scan did not show this ectopic pregnancy. 


TABLE 1: Sonographic Findings in Ectopic Pregnancies 





Endovaginal Transabdominal 








Findings (%) (%) 
Gestational sac, embryo or fetal 17 (28) 6 (10) 
pole, cardiac motion 

Gestational sac, fetal pole 6 (10) 7 (12) 
Gestational sac 9 (15) 4 (7) 
Complex adnexal mass 13 (22) 7 (12) 
Normal adnexa 9 (15) 5 (8) 
Simple cyst 3 (5) 7 (12) 
Discrepancy in adnexal size 3 (5) 2 (3) 
Adnexa not well seen o (0) 22 (36) 
Total 60 60 
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documented ectopic pregnancy, 17 patients (28%) had no 
detectable fluid and 28 patients (47%) had a small amount of 
free fluid. Fifteen women (25%) with an ectopic pregnancy 
had moderate or large amounts of free peritoneal fluid, and in 
11 (73%) of these patients, other findings such as an extra- 
uterine gestation or complex mass also were present. 

The appearance of the endometrium did not add to the 
diagnosis of ectopic pregnancy. The most common appear- 
ance of the endometrium on endovaginal sonograms was 
generalized increased echogenicity or normal appearing en- 
dometrium in 58% of patients (Fig. 5A). The thickness of the 
endometrium ranged from 2 to 22 mm (average, 7.8 mm). 
The average serum level of HCG in this group was 10,898 
mlU/ml. A mixed echogenic picture of increased echoes pe- 
ripherally with low-level echoes centrally was present in 32% 
of patients (Fig. 5B). Average thickness was 11.2 mm (range, 
5-15 mm) with an average concentration of HCG in the group 
of 15,582 mlU/ml. Both these patterns can be seen in women 
with normal pregnancies or in patients with complete or 
incomplete abortions. The third appearance encountered was 
the “pseudogestational sac” or an echogenic peripheral en- 
dometrium with fluid center (Fig. 5C). This was seen in six 
patients (10%). The thickness ranged from 5 to 18 mm 
(average, 10.2 mm). The average level of HCG in this group 
was 2548 mIU/ml, which was strikingly lower than the levels 
in the other two groups. 

Twenty-eight patients (15%) had complete abortions. 
These patients had a normal-appearing endovaginal sono- 
gram. The average serum level of HCG was 1481 mIU/ml 
(range, 10-18,800 mlU/ml). The average endometrial thick- 
ness was 5.0 mm (range, 3-15 mm). In all cases except one, 
the endometrium was echogenic. Sonographically, these 
cases were classified as indeterminate, because the uterus 
was “empty” and the patient had a positive pregnancy test. 





Fig. 5.—Endovaginal sonograms show appearance of endometrium in ectopic pregnancies. 

A, Endovaginal sonographic appearance of endometrium (arrowheads) was echogenic in 58% of ectopic pregnancies. Thickness varied from 2 to 22 
mm. 

B, A mixed echogenic appearance of endometrium (arrowheads) was present in 32% of patients with ectopic pregnancies. 

C, “Pseudogestational sac” (arrowheads) was seen in 10% of ectopic pregnancies. Serum levels of human chorionic gonadotropin were strikingly 
lower in this group than in other two groups. 
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Discussion 


As in previous reports, this study found that endovaginal 
sonography was superior to transabdominal sonography in 
the evaluation of suspected ectopic pregnancy [1-5]. A cor- 
rect and definite diagnosis of ectopic pregnancy was made in 
38% of our patients on the basis of endovaginal sonography. 
This compares favorably with other recently reported assess- 
ments of endovaginal sonography in the diagnosis of sus- 
pected ectopic pregnancies. Fleischer et al. [6] examined 47 
patients with tubal ectopic pregnancies, and 16 patients (34%) 
were found to have an extrauterine embryo or embryonic 
structures. Dashefshy et al. [7] found an extrauterine gesta- 
tion in four (22%) of 18 patients with ectopic pregnancy 
examined with endovaginal sonography. 

The major finding in this study was that endovaginal so- 
nography reduced the number of indeterminate cases in the 
workup of suspected ectopic pregnancy. Endovaginal sonog- 
raphy identified more ectopic pregnancies, more intrauterine 
pregnancies, and more missed abortions than did transab- 
dominal sonography. Eighty cases were sonographically in- 
determinate with endovaginal sonography vs 141 cases with 
transabdominal sonography in the 193 women evaluated. 
This group included any patients with an empty uterus and 
the clinical suspicion of an ectopic pregnancy (Table 2). 

In the 60 patients with surgically proved ectopic pregnancy, 
the only finding that was diagnostic of ectopic pregnancy was 
the presence of an extrauterine gestation (gestational sac, 
plus embryo or fetal pole) with or without embryonic heart 
motion. The findings of a gestational sac or adnexal ring, or 
a complex adnexal mass, were helpful in suggesting the 
diagnosis of ectopic pregnancy but were not diagnostic. In 
three patients, the only sonographic sign of ectopic pregnancy 
was asymmetry in ovarian size. In these patients, one ovary 
was approximately 2 cm longer than the other ovary in its 
greatest longitudinal diameter. In these cases, the ectopic 
pregnancy was located on the side of the larger ovary. In 
patients with a positive pregnancy test and an “empty” uterus, 
asymmetry of the ovaries of 2 cm or greater may be a helpful 
ancillary sign of ectopic pregnancy. The appearance of the 
endometrium, the presence of small to moderate amounts of 


TABLE 2: Sonographic Findings in Suspected Ectopic 
Pregnancies 











Final 

iy Endo- Trans- rie 
Fingings vaginal abdominal D 

Intrauterine pregnancy 83 34 83 
Ectopic pregnancy 23 13 60 
Missed abortion blighted ovum 7 5 14 

Indeterminate? 80° 141° 36° 
Total number of patients 193 193 193 


ES 
a Cases of empty uterus and no specific sonographic diagnosis. 
? Complete abortions (28) and patients with no detectable serum levels of 
human chorionic gonadotropin (eight). 
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pelvic fluid, and a single serum HCG value were not helpful. 
The presence of small to moderate amounts of fluid can be 
seen in normal intrauterine pregnancies and normal men- 
struating women. In indeterminate cases, serial quantitative 
serum HCG levels may be indicated to confirm the clinical 
diagnosis of ectopic pregnancy, abortion, or very early intra- 
uterine pregnancy. With sequential measurements 2 days 
apart, 85% of women with a normal intrauterine pregnancy 
have an increased HCG concentration of 66% or greater. 
Serum HCG concentration in women with ectopic pregnancy 
will rise less than 66% in 2 days [8]. 

Although endovaginal sonography was superior to trans- 
abdominal sonography, endovaginal sonography may miss 
an ectopic pregnancy that is located in a high location beyond 
the field of view of the endovaginal transducer. This was 
encountered in three of our documented ectopic cases in 
which the extrauterine gestation was located above the 
uterus. Although we did not encounter this in our series, an 
ectopic pregnancy also could be obscured by large pelvic 
masses that distort pelvic anatomy such as uterine leiomy- 
omas or pelvic inflammatory disease. 

In conclusion, endovaginal sonography compared with 
transabdominal sonography increased the number of diag- 
nostic studies (from 52 to 113) and decreased the number of 
indeterminate studies (from 141 to 80). This resulted in a 
significantly decreased uncertainty in the diagnosis of ectopic 
pregnancy. Endovaginal sonography should be performed in 
all patients suspected of having an ectopic pregnancy, espe- 
cially if transabdominal sonography is nondiagnostic. 
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Lymphangioscintigraphy in AIDS- 
Associated Kaposi Sarcoma 


Kaposi sarcoma, a common opportunistic neoplasm complicating AIDS, is thought to 
arise from the vasculature and possibly from lymphatic endothelium. To evaluate the 
nature and extent of lymphatic involvement in AlDS-associated Kaposi sarcoma, we 
used an improved technique of whole-body lymphangioscintigraphy. Six human-immu- 
nodeficiency-virus-seropositive men (40-51 years old) with AIDS and extensive Kaposi 
sarcoma had bilateral foot and/or hand intradermal injection of 0.05 mi of *°"Tc-labeled 
human serum albumin (500 uCi, 18.5 MBq). After sequential whole-body scanning with 
a digital gamma camera, the findings were interpreted by comparing them with findings 
from similar studies in 30 other patients without AIDS or Kaposi sarcoma (26 with primary 
or secondary lymphedema and four with normal extremities). Unlike in normal limbs, 
where lymphangioscintigraphy displayed early lymphatic truncal and regional nodal 
filling with radionuclide, in patients with Kaposi sarcoma, lymphangioscintigraphy dis- 
closed a variety of abnormal patterns with some features distinct and others resembling 
lymphatic dysplasia as seen in primary and secondary lymphedema. These included 
focal accumulation of tracer within lymphatic channels in the distribution of cutaneous 
Kaposi lesions; delayed tracer transport with absent, faint, or intense regional lymph 
nodal uptake; and retarded or impeded lymphatic drainage with tracer intensification in 
the region of Kaposi sarcoma plaques. 

The impaired lymphatic drainage and nodal dysfunction seen on scintigrams in 
patients with AIDS-associated Kaposi sarcoma suggest a close connection between the 
lymphatic system and this disorder. 
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Once regarded as a curiosity in the Western world, Kaposi sarcoma catapulted 
into international prominence in 1981 as the heraldic lesion of the epidemic of AIDS. 
Dating back to Kaposi’s original description, the lymphatic vasculature has long 
been postulated as an important site of origin and involvement [1-3]. Lymphedema, 
which commonly accompanies classical and African Kaposi disease [4], also has 
been recognized increasingly in epidemic Kaposi sarcoma associated with AIDS 
and involves multiple swollen, woody, and weeping sites (such as the legs, arms, 
genitalia, palate, and face) [3, 5]. 

Lymphatic trunks and regional nodes are now readily accessible to improved 
visualization and functional examination by a refinement of the simple, noninvasive 
method of radionuclide lymphangioscintigraphy [6]. In order to shed further light 
on the pathogenesis of this opportunistic neoplasm, the peripheral lymphatic system 
was examined by lymphangioscintigraphy in six patients with AIDS accompanied 
by cutaneous Kaposi sarcoma of the extremities. The findings were compared with 
results of earlier studies in patients with normal limbs and in those with either 
primary or secondary lymphedema. 


Subjects and Methods 


The patient population included six human-immunodeficiency-virus (HIV)—seropositive ho- 
mosexual men (ages, 40-51 years; mean, 46.7 years) with extensive histologically proved 
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Fig. 2.—Lymphangioscintigrams in primary lymphedema. 

A, Scintigrams (bottom) in a 39-year-old man with a long history of 
lymphedema show intense dispersion of radionuclide in the right leg 
without lymphatic truncal bands, consistent with “hypoplasia,” which was 
confirmed by conventional lymphography (top). 

B, Scintigrams of a 16-year-old woman with left leg lymphedema show 
no transport of radionuclide in left leg (“aplasia”). Compare with Fig. 1. 
(Modified with permission from McNeill et al. [6].) 

External markers are at level of xiphoid (X) pubis (P), and knees (K). 
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Fig. 1.—Characteristic lymphan- 
gioscintigrams (anterior projection). 

A, Normal adult subject (legs). 

B, 17-year-old man with secondary 
right leg lymphedema from irradiation 
and excision of a retroperitoneal neuro- 
blastoma as an infant. 

C, 76-year-old woman, 9 years after 
left modified radical mastectomy and 
regional irradiation. 

D, 42-year-old woman, 8 years after 
right modified radical mastectomy. 

Note normal lymphatic channels and 
regional nodes on uninvolved side (B- 
D) with initially clearly defined lym- 
phatic trunks followed by progressive 
dispersion of radionuclide throughout 
lymphedematous limb. Compare with 
Fig. 2. (Portions of A and B are repro- 
duced with permission from McNeill et 
al. [6].) 


mucocutaneous Kaposi sarcoma (duration, 4 months to 2 years) 
accompanied by worsening peripheral edema or prominent regional 
lymphadenopathy. On the basis of the extent of disease and presence 
of constitutional symptoms, all patients conformed to either the IIIA- 
B or the IV NYU classification of Kaposi sarcoma [7]. Three patients 
had visceral involvement with Kaposi sarcoma, and five had low T- 
helper lymphocyte (CD4*) counts (mean, 122/ul) with advanced dis- 
ease later complicated by Pneumocystis carinii pneumonia or infection 
with cytomegalovirus or Candida despite azidothymidine drug admin- 
istration. Four of them died within 1-6 months. One patient, who had 
taken the drug IMREG-1 (Imreg, Inc., New Orleans, LA) for 1 year, 
has remained stable (CD4* count, 685/ul). 

Light microscopic examination of excised skin lesions confirmed 
Kaposi sarcoma in each patient, and in two patients, electron micros- 
copy showed not only typical irregular vascular channels with spindle 
cells but also proliferating endothelial cells effectively obstructing the 
lymphatic or blood vascular lumen (see Discussion). 

For isotopic lymphangioscintigraphy, 0.05 ml containing 500 „Ci 
(18.5 MBq) of highly bound *"Tc-labeled human serum albumin 
(°°"Tc-HSA) was injected intradermally into a web space on the 
dorsum of the foot or hand. Either a Toshiba or a General Electric 
digital gamma camera with a low-energy, high-resolution collimator 
capable of serial “sweeps” of the torso was used to obtain whole- 
body scintigrams of the peripheral and central lymphatic system. The 
injection site was imaged for 10-15 min or until significant cephalad 
migration of radionuclide was detected. After the patient performed 
light exercise, serial whole-body images were obtained during the 
next 1 hr and 3-6 hr later. Findings in AlDS-associated Kaposi 
sarcoma were compared with those in 30 other patients without AIDS 
or Kaposi sarcoma but with primary or secondary arm or leg lymph- 
edema, usually unilateral, and four control subjects without edema, 
most of whom were described previously [6]. 


Results 

Except for a transient “burning sensation” during intrader- 
mal injection, isotopic lymphangioscintigraphy was without 
discomfort or adverse sequelae. Well-defined sequential im- 
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Fig. 3.—A, 43-year-old man with 
AIDS-associated Kaposi sarcoma. 

B-D, Lymphangioscintigrams of legs 
of same patient (bottom) show prompt 
lymphatic transport of radionuclide to 
large regional nodes (clinically palpa- 
ble) with numerous focal accumula- 
tions of radionuclide intensity over time 
in calf and mid thigh matching distri- 
bution of cutaneous Kaposi lesions 
shown in A. Lymphangioscintigrams of 
arms (top) show a similar but less dra- 
matic pattern. Midline rounded densi- 
ties are markers on sternal notch and 
xiphoid (top) and pubis and knees (bot- 
tom). 





ages of peripheral and central lymphatic anatomy (Figs. 1 and 
2) reflecting interstitial transport of protein were displayed 
and, as shown previously [6], corresponded structurally and 
functionally to conventional contrast lymphograms by direct 
lympathic cannulation. Normally (Fig. 1A), peripheral and cen- 
tral lymph trunks and draining regional lymph nodes were 
visualized on scintiscans within 15 min, contrasting sharply 
with minimal background counts in nonlymphatic tissues. In 
secondary or obstructive lymphedema (Figs. 1B-1D), discrete 
linear “bands” representing lymphatic trunks typically were 
accompanied by delayed transit of the radionuclide, absent 
or faintly visualized regional lymph nodes, and subsequent 
dispersion of the radionuclide outlining the tissue contours of 
the limb. In primary lymphedema, transport from the injection 
site was delayed (Fig. 2A) or absent (Fig. 2B), and lymphatic 
trunks were either poorly defined with prompt dispersion of 
*“"Tc-HSA at the injection site (hypoplasia) or images of 
lymphatic trunks and lymph nodes were absent and transport 
of °°"Tc-HSA was negligible (aplasia). 

Although patterns in AIDS-associated Kaposi sarcoma var- 
ied even in different limbs of the same patient (Figs. 3-5), 
specific scintigraphic abnormalities were noted. These in- 
cluded delayed or absent absorption of radionuclide from the 
injection site into the lymphatics (four of six patients); pre- 





Fig. 4.—A, 50-year-old man with AIDS-associated Kaposi sarcoma. Note 
facial, genital, and peripheral lymphedema with ichthyotic, ligneous skin 
changes and Kaposi lesions. 

B, Lymphangioscintigrams show absence of radionuclide transport 
(lymphatic obliteration?) in legs (bottom), whereas in right arm (top), 
uptake of radionuclide into lymphatic trunks is slow and faint with radio- 
nuclide dispersion outlining forearm Kaposi lesions. No axillary nodes are 
seen on either side. Rounded densities in midline denote markers at sternal 
notch, xiphoid, pubis, and knees (top to bottom, respectively). 

When this patient was studied, the peripheral T-helper lymphocyte 
(CD4*) count was <50/uI, and he died 2 months later. 








mature (< 10 min) entry of radionuclide into the whole-body 
blood pool (two of six patients); faint, distorted, or absent 
peripheral and more central lymphatic images (four of six 
patients); Kaposi sarcoma lesions “budding” from lymphatics 
(two of six patients); radionuclide pooling in Kaposi lesions 
(five of six patients); and faint, absent, or enhanced lymph 
node images (five of six patients). 


ET AL. 
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Fig. 5.—A, 51-year-old man with AIDS-asso- 
ciated Kaposi sarcoma and striking woody 
edema of both legs and left arm. 

B, Lymphangioscintigrams of legs (bottom) 
show absence of transport of radionuclide (lym- 
phatic obliteration?). In arms (top) transport of 
radionuclide in right arm is intense with large 
epitrochlear and axillary nodes (clinically palpa- 
ble), whereas in left arm, radionuclide does not 
progress beyond wrist. Rounded midline densi- 
ties are markers on sternal notch and xiphoid 
(top) and knees (bottom). 


Fig. 6.—A and B, Electron micrographs of 
Kaposi sarcoma skin lesions of patients shown 
in Fig. 3 (A, original magnification x 17,400) and 
Fig. 4 (B, original magnification x9900) show 
exuberant proliferation of endothelial cells oc- 
cluding vascular lumen. Whether these abnormal 
vessels are venous or lymphatic in origin is dif- 
ficult to delineate, but such a process, when 
diffuse, may impede lymphatic transport and 
contribute to ligneous edema (see Figs. 4 and 
5). 


Discussion 


Because conventional lymphography (direct lymphatic in- 
jection with poppy seed oil) is invasive, tedious, time-consum- 
ing, and occasionally associated with infection, pulmonary oil 
embolism, and worsening of lymphedema [8], isotopic lym- 
phangioscintigraphy with radiocolloids has steadily gained 
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favor during the past decade [9]. Nonetheless, as commonly 
practiced, this procedure takes considerable time, and the 
truncated images are often less than optimal. Recently, tech- 
nical refinements using °°"Tc-HSA and a gamma camera 
capable of whole-body “sweeps” have provided a better 
overall appreciation of lymphatic truncal continuity and trans- 
port dysfunction, making this noninvasive diagnostic method 
the screening procedure of choice for evaluating the lymphatic 
system in a variety of disorders [6]. 

Imaging of the lymphatic system in Kaposi sarcoma had 
been restricted to isolated observations mostly in classical 
Kaposi sarcoma but also in endemic African Kaposi sarcoma 
after direct and indirect lymphography. These studies have 
shown occasional filling of dermal Kaposi lesions, sclerosis of 
perivascular lymphatics, and nodal enlargement or defects [3, 
10-12]. More than 20 years ago, we showed high-grade 
lymphatic obstruction in both sides of the groin by using 
conventional bipedal lymphography [13] in a patient with 
intense indurated genital and peripheral lymphedema and 
subsequent whole-body anasarca. More than a year later, 
after a progressive downhill course with chlamydial infection, 
cachexia, and lymphocytopenia, autopsy showed widely dis- 
seminated Kaposi sarcoma. Not only did he retrospectively 
fulfill the Center for Disease Control criteria for AIDS, but HIV- 
1 infection eventually was proved both by serum antibody on 
Western blot immunoassay and HIV antigen in preserved 
tissues [14]. 

The present study with whole-body lymphangioscintigraphy 
defines a spectrum of lymphatic abnormalites in epidemic 
Kaposi sarcoma associated with AIDS. Unlike in normal limbs, 
where lymphangioscintigraphy displays early lymphatic trun- 
cal and regional nodal radionuclide filling, lymphangioscintig- 
raphy in patients with Kaposi sarcoma shows a variety of 
abnormal patterns, some distinct and others having features 
of lymphatic dysplasia as seen in primary and secondary 
lymphedema. These patterns include focal accumulation of 
radionuclide within lymphatic channels in the distribution of 
cutaneous Kaposi sarcoma lesions; delayed tracer transport 
with absent, faint, or intense regional lymph nodal uptake; 
and retarded or impeded lymphatic drainage with intensifica- 
tion of radionuclide in the region of Kaposi sarcoma plaques. 
These findings not only are consistent with current concepts 
of the lymphatic origin and involvement in AIDS-associated 
Kaposi sarcoma, but also support previous speculation about 
the lymphatic system's role in the classical and endemic 
African forms of Kaposi sarcoma. Unlike a true monoclonal 
primary neoplasm or metastasis, Kaposi sarcoma appears to 
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begin as a budding multicentric endothelial proliferation pri- 
marily of lymphatic channels [15-18] (Figs. 3 and 6) and 
progresses to an intense blockage of lymphatic transport 
(Figs. 4 and 5). Various pathophysiologic mechanisms alone 
and in combination probably contribute to deranged lymphatic 
drainage and the subsequent appearance of lymphedema in 
Kaposi sarcoma: endothelial proliferation and lymphatic oblit- 
eration, lymphatic truncal sclerosis, proximal nodal obstruc- 
tion, and spontaneous or pathologic lymphatic-venous com- 
munications. 
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Book Review 


The Radiologic Clinics of North America. Fetal Ultrasound. Guest editor: Beryl R. Benacerraf. Philadelphia: 
Saunders, January 1990:28(1):1-231. $25; by subscription, 6 issues annually for $93 


This issue of The Radiologic Clinics of North America focuses on 
fetal ultrasound and is intended to “bring the reader up to date with 
what is available in the literature.” Given the large number of articles 
written during the past year on obstetric ultrasound (our CD-ROM 
lists more than 1000), a certain degree of personal bias in choosing 
what should be included in such a broad scope is a necessity. The 
editor wisely has chosen to mix review-type chapters on anatomy 
(e.g., CNS, gastrointestinal system, genitourinary system, multiple 
gestation) with more challenging chapters on physiologic topics that 
provide the serious sonographer with new ideas and possibilities. 

For me, the best reading is as follows: Birnholz details supply-line 
deprivation syndromes, bringing to print an understanding of fetal 
“compensations” to the stressed in utero environment. Subtle findings 
that should be considered are based on the dynamics of fetal physi- 
ology that predate the more obvious, and possibly too late, morpho- 
logic changes detailed elsewhere in this and other texts. This chapter 
reflects an innovative and sophisticated approach to obstetric ultra- 
sound. Sanders presents the lethal and “disastrous” anomalies in his 
chapter. His work has superb illustrations, and the text catalogs the 
signs needed to make good on our “critical” life-or-death decisions. 

The chapter on obstetric Doppler sonography, although packed 
with data, comes to no firm conclusion as to the application of this 
technique. Given the lack of expanded controlled and blinded studies, 
plus the increasingly contradictory information that is present, Car- 
roll’s caution here is welcomed. Published data on the use of Doppler 
sonography for determination of fetal anemia (sampling the descend- 
ing aorta), however, could have been included as a potential appli- 
cation of this technique in the 1990s. 

Benacceraf's survey of fetal heart studies is an excellent review, 
suggesting the complexity in this expanding area of investigation and 
the necessity for the sonographer to be expert in pediatric heart 
evaluations before undertaking the role of “fetal heart expert.” The 
timing of this skilled examination is not stated clearly. Pulmonic 
stenosis may not be expressed until after 20 weeks of gestation, 
prompting some centers to schedule two examinations, one at 18- 
20 weeks and another at 28 weeks. 

All radiologists who see obstetric patients must realize the hazards 
and pitfalls of multiple gestation. Evaluation of such cases cannot be 


left to simply interpreting the technologist’s films. Benson and Doub- 
ilet have produced an excellent review of this topic that is comple- 
mented by good illustrations. Obstetricians who are experts in ultra- 
sound have written solid chapters defining the role of invasive pro- 
cedures and biophysical profiles in fetal evaluation. 

If | were the editor of this book, | would have suggested a few 
changes: Although the chapter on CNS abnormalities discusses and 
illustrates a wide variety of lesions, it fails to provide guidelines for 
decision making, as promised (e.g., Falx present or absent? One 
lateral ventricle or more dilated? Central or peripheral cystic area? 
Doppler studies normal or abnormal? Cerebellum size, normal ap- 
pearance?). Other authors have been more successful in approaching 
this topic by using a “logic” checklist or a flowchart of important 
findings and landmarks. This chapter has, however, excellent illustra- 
tions of CNS pathologic changes correlated with CT scans, radio- 
graphs, and prenatal sonograms. Including key illustrations of the 
normal and abnormal cerebellum and stressing the great importance 
of documenting this structure for every pregnancy would be in 
keeping with the task of updating “less experienced” sonographers 
to advances that have occurred during the past 5 years. 

Another advance in our understanding of the fetal CNS is the 
realization that many of the tables of “normal ventricular size” have 
been based on erroneous calculations. Those parallel lines are prob- 
ably vascular and not the ventricles (Bowermann, DiPietro. Erroneous 
sonographic identification of fetal lateral ventricles. AJNR 1987:8 
(4):661-664). Unfortunately, this text appears to continue the myth 
(see Figure 5 in chapter 1). 

Should you buy this book? As a general review for residents or 
those who do fetal sonography occasionally, it is an excellent text. 
Even experienced sonographers can learn something by reading this 
book. Yes, buy it. 


Michael Crade 
Long Beach Memorial Medical Center 
Long Beach, CA 90801-1428 
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Pictorial Essay 


Lipomatous Tumors of the Pelvis in Women: Spectrum of 


Imaging Findings 


Gerald D. Dodd III' and Ronald F. Budzik, Jr.? 


Pelvic tumors that contain fat are common findings in women. 
Although the majority of these lipomatous tumors are benign 
cystic ovarian teratomas, other diseases should be considered 
in the differential diagnosis: malignant degeneration of a benign 
cystic ovarian teratoma, nonteratomatous lipomatous ovarian tu- 
mors, lipomatous uterine tumors, benign pelvic lipomas, and 
pelvic liposarcomas. Although these diseases are rare, their 
differentiation can be clinically significant. While most of these 
tumors are treated by surgical excision, asymptomatic lipomatous 
uterine tumors and benign pelvic lipomas may require no therapy. 
Additionally, correct identification of a malignant lipomatous tu- 
mor will affect both prognosis and surgical planning. The purpose 
of this essay is to illustrate the imaging findings of these condi- 
tions. 


Benign Cystic Ovarian Teratomas 


Benign cystic ovarian teratomas are the most common 
variety of ovarian neoplasms. The majority occur in the repro- 
ductive years, but some occur in girls and in postmenopausal 
women. They are primarily cystic tumors that develop from 
the three primitive germ cell layers. The characteristic con- 
stituents are fat, calcium, and hair. Their imaging appearance 
is highly variable [1, 2]. Most contain a large amount of fat in 
the form of liquid sebum, which is hypoechoic on sonography, 
of low density on conventional radiographs, and of high signal 
on MR images. If hair is mixed with the sebum the lesion may 


be hyperechoic and have a radiologic density greater than 
that of fat (Figs. 1-3). Fluid may fill the dependent portion of 
the tumor producing a fat/fluid interface with the liquid sebum 
(Figs. 4 and 5). Rarely, nonfat fluid may fill the entire cyst with 
little or no fat present (Figs. 6-8). Dermoid plugs representing 
a conglomeration of tissues are common inside the cysts 
(Figs. 9 and 10). The plugs are usually rounded and contain 
fat, calcium, or hair. The identification of teeth, a dermoid 
plug, or a fat/fluid level is diagnostic of a benign cystic ovarian 
teratoma. 


Malignant Degeneration of Benign Cystic Ovarian 
Teratomas 


Malignant degeneration occurs in 1-2% of benign cystic 
ovarian teratomas. It is found most often in teratomas re- 
moved from postmenopausal women [3]. Most cases are 
discovered as incidental microscopic foci of squamous cell 
carcinoma in benign-appearing gross specimens of cystic 
teratomas. Occasionally, the malignant components become 
Clinically significant with local invasion and metastases. The 
imaging characteristic that suggests malignant degeneration 
is the appearance of prominent solid tissue within or contig- 
uous with a benign cystic ovarian teratoma (Fig. 11). Contrast 
enhancement of the solid tissue on CT may further support 
this diagnosis [2]. 
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Fig. 1.—Benign cystic ovarian teratoma. Trans- 
verse sonogram through left ovary shows 3-cm 
homogeneous hyperechoic nodule (straight ar- 
rows) that is intraovarian, as evidenced by pres- 
ence of claw sign (tapering portions of ovary wrap- 
ping around portion of mass, curved arrow). This 
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Fig. 2.—Benign cystic ovarian teratoma. 
Transverse pelvic sonogram shows large hyper- 
echoic shadowing mass (straight arrow) situated 
between uterus and ovary. Appearance is con- 
sistent with ovarian teratoma. Incidentally noted 
is a simple cyst of right ovary (curved arrow). 
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Fig. 3.—Benign cystic ovarian teratoma. 
Transverse sonogram cephalad to uterus shows 
slightly inhomogeneous shadowing hyperechoic 
mass (straight arrows) contiguous to large cyst 
(curved arrows). This appearance is highly 
suggestive of a cystic teratoma with both cystic 


appearance is consistent with cystic teratoma; 
however, an ovarian lipoma might have same 
appearance. 





Nonteratomatous Lipomatous Ovarian Tumors 


Nonteratomatous lipomatous ovarian tumors are extremely 
rare tumors: only one case (ovarian lipoleiomyoma) has been 
reported in the imaging literature [4]; two cases (lipomas) 
have been reported in the gynecologic literature [5]. The 
reported ovarian lipoleiomyoma was a 20-cm, predominantly 
solid, leiomyomatous mass of intermediate echogenicity and 
density with multiple focal (1-3 cm) hyperechoic fat-density 
nodules scattered throughout (Fig.12). The differential diag- 
nosis of a pure lipomatous mass of obvious ovarian origin 
includes benign cystic ovarian teratoma and ovarian lipoma. 
When nonlipomatous solid tissue is present, the differential 
diagnosis includes malignant degeneration of a benign cystic 
ovarian teratoma and ovarian lipoleiomyoma. 





and solid components. 


Fig. 4.—Benign cystic ovarian teratoma. 

A, Transverse sonogram shows complex cystic 
mass (straight arrows) containing fluid/fluid layer 
(arrowhead) with hyperechoic component in de- 
pendent portion of cyst. Hyperechoic shadowing 
nodule (curved arrow) is affixed to nondependent 
wall. 

B, CT scan shows nondependent hypoechoic 
fluid to be less dense than subcutaneous fat, vi- 
sually approaching air density. Dependent fluid 
has slightly greater-than-fat density. Nondepen- 
dent nodule is of same density as dependent fluid 
and contains calcium. Appearance of nondepen- 
dent “air density” is confusing. However, other 
window settings and CT numbers showed this area 
to be of low fat density rather than air. This fat is 
hypoechoic, not hyperechoic, because it repre- 
sents pure liquid sebum. Hyperechogenicity of de- 
pendent fluid is from hair and debris mixed with 
sebum. Appearance of fat/fluid level in conjunc- 
tion with calcified nodule is diagnostic of cystic 
teratoma. Note large calcified uterine leiomyoma. 


Lipomatous Uterine Tumors 


Lipomatous uterine tumors are rare benign neoplasms; just 
under 100 cases have been reported [6]. The histologic 
spectrum includes pure lipomas, lipoleiomyomas, and fibro- 
myolipomas. These masses are similar to uterine leiomyomas 
both in clinical presentation and course. Only five cases have 
been published in the imaging literature [7-10]. All of the 
reported cases contain fat with or without leiomyomatous or 
fibrous components. The masses may be endophytic or ex- 
ophytic with respect to the uterus (Figs. 13-15). Identification 
of a lipomatous pelvic mass that is of obvious uterine origin 
is virtually diagnostic of a lipomatous uterine tumor. The 
diagnosis becomes more difficult if the mass is primarily 
exophytic or pedunculated. 


AJR:155, August 1990 


Fig. 5.—Benign cystic ovarian teratoma. CT 
scan shows large inhomogeneous predominantly 
fat-density mass with dependent sediment (ar- 
rows). This appearance is characteristic of a be- 
nign cystic ovarian teratoma. However, myxoid 
liposarcoma may have a similar appearance. 


Fig. 6.—Benign cystic ovarian teratoma. CT 
scan shows fluid-density mass with small lipo- 
matous and calcific component in lateral wall (ar- 
row). Presence of fat and calcium suggests diag- 
nosis of cystic teratoma. 


Fig. 7.—Benign cystic ovarian teratoma. 

A, Transverse pelvic sonogram shows hypoechoic cystic mass with moderately echogenic septa 
(arrows). 

B, CT scan shows fluid-density mass with higher-density septa and several small foci of fat and 
calcium. Presence of fat and calcium suggests diagnosis of cystic teratoma. In absence of these 
findings, this mass could not be differentiated from ovarian cystadenoma. 


Fig. 9.—Benign cystic ovarian teratoma. 

A, Transverse sonogram shows hypoechoic 
cystic adnexal mass (straight arrows) that con- 
tains dependent hyperechoic nonshadowing nod- 
ule (curved arrow). 

B, CT scan shows that hypoechoic component 
is of fat density and hyperechoic nodule (dermoid 
plug) is of greater-than-fat density. Presence of a 
dermoid plug in fat-density cystic mass is diag- 
nostic of cystic teratoma. 
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Fig. 8.—Benign cystic ovarian teratoma. CT 
scan shows fluid-density mass containing multiple 
low-density areas (arrows) floating in lesion. Pres- 
ence of low-density floating nodules makes lesion 
likely to be cystic teratoma. 
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A 

Fig. 10.—Benign cystic ovarian teratoma. 

A, Axial T1-weighted MR image, 600/20 (TR/TE), at 1.5 T shows large, predominantly high-signal mass (straight arrows) with dependent fluid/fluid 
layer (arrowhead). Inhomogeneous lower-signal nodule (curved arrow) is present within cyst. 

B, Axial T2-weighted MR image, 2000/80, at 1.5 T shows persistent high signal from nondependent intracystic fluid. Dependent fluid signal has increased 
and is now equal in intensity to nondependent fluid. Majority of intracystic nodule has increased in signal. 

C, Axial inversion-recovery MR image, 1200/160/40 (TR/TI/TE), at 1.5 T shows decrease in signal from nondependent fluid within cyst equal in 
magnitude to decrease in signal from subcutaneous and intraabdominal fat. Dependent fluid signal remains increased (arrowhead). Appearance of high 
signal fluid on T1- and T2-weighted images is strongly suggestive of fatty lesion. Suppression of intracystic fluid signal on fat-suppression image further 
supports its lipomatous nature. Presence of apparent dermoid plug and fat/fluid level is diagnostic of cystic teratoma. 


Fig. 11.—Malignant degeneration of benign 
cystic ovarian teratoma. 

A, Pelvic CT scan shows fluid-density septated 
mass (straight arrows) with small, anterior fat- 
density component (curved arrow). 

B, CT scan shows extrauterine contiguous solid 
component (arrows). That it contains fat and is 
cystic in nature makes a cystic teratoma most 
likely diagnosis. Presence of contiguous solid tis- 
sue strongly suggests diagnosis of malignant de- 
generation of benign cystic ovarian teratoma. 


Fig. 12.—Ovarian lipoleiomyoma. 

A, Transverse pelvic sonogram shows 20-cm 
hypoechoic solid mass (straight arrows) contain- 
ing multiple 1- to 3-cm hyperechoic nodules 
(curved arrows). 

B, CT scan shows mass is of muscle density 
and nodules are of fat density. This mass was 
inseparable from uterus and ovaries. Its appear- 
ance is most suggestive of a leiomyomatous mass 
that contains focal lipomatous nodules. Statisti- 
cally, this should be a uterine lipomatous tumor. 

(Reprinted from Dodd et al. [4].) 
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Fig. 13.—Lipomatous uterine tumor. 

A, Transverse sonogram through uterine fundus 
shows focal homogeneous hyperechoic mass (ar- 
row) in right uterine cornua. 

B, CT scan shows mass (arrow) with fat-density 
periphery and higher-density core. 

C, Axial T1-weighted MR image, 600/20 (TR/ 
TE), at 1.5 T shows mass (arrow) with high-signal 
periphery and low-signal core. 

D, T2-weighted MR image, 2000/80, at 1.5 T 
shows mass (arrow) with persistent high-signal 
periphery and low-signal core. Peripheral signal 
characteristics of mass match those of pelvic and 
subcutaneous fat. Central core signals suggest 
central fibrous component. Localization of fatty 
mass to uterus is virtually diagnostic of a lipo- 
matous uterine tumor. 

(Reprinted from Dodd et al. [10].) 


Benign Pelvic Lipoma 


Benign pelvic lipomas are uncommon retroperitoneal 
masses composed of mature lipocytes and minimal fibrous 
tissue [11]. They are usually well-defined, encapsulated 
masses that tend to produce mass effect rather than invade 
adjacent structures. On CT they are of homogeneous fat 
density except for a few thin low-density septa. Sonographi- 
cally they are usually hyperechoic. No examples of benign 
pelvic lipomas are illustrated in this essay. 


Liposarcoma 


Liposarcomas are common malignant soft-tissue tumors 
that can occur in the retroperitoneum of the abdomen and 
pelvis [11]. They affect both sexes and most commonly occur 
in the fifth to seventh decades. There are three histologic 
types: lipogenic, myxoid, and pleomorphic. The lipogenic form 
contains the most fat and has the least malignant potential. 
The pleomorphic form has minimal fat, is highly invasive, and 
has the worst prognosis. The myxoid form is the most com- 
mon. It usually is a relatively well-circumscribed, inhomoge- 
neous, soft-tissue retroperitoneal mass that contains a vari- 
able amount of fat. It often occurs concomitantly with a 
lipogenic component (Fig. 16). 
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Differential Characteristics 


The key to differentiating these lesions is the identification 
of the organ of origin. If the mass arises from the ovary, the 
differential diagnosis is narrowed to benign cystic ovarian 
teratoma, malignant degeneration of a benign cystic ovarian 
teratoma, or a nonteratomatous lipomatous ovarian tumor. 
The presence of teeth, a fat/fluid level, or a dermoid plug is 
diagnostic of a benign cystic ovarian teratoma. If considerable 
nonlipomatous solid tissue is present within or contiguous to 
a benign cystic ovarian teratoma, malignant degeneration 
should be suspected. If the ovarian mass is predominantly 
solid with islands of fat, then a nonteratomatous lipomatous 
ovarian tumor should be considered. A mass that arises from 
the uterus is most likely a lipomatous uterine tumor. 

If the origin of a mass is indeterminate, differentiating these 
lesions can be more difficult. The classic signs of a benign 
cystic ovarian teratoma are diagnostic regardless of whether 
contiguous ovarian tissue is identified. Identification of calcium 
in a lipomatous pelvic mass favors the diagnosis of a benign 
cystic ovarian teratoma, although calcium also occurs in 
lipomatous uterine tumors and liposarcomas. A mass that is 
indeterminate in origin and predominantly solid with one or 
more focal lipomatous regions is most likely a pedunculated 
lipomatous uterine tumor or a nonteratomatous lipomatous 
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Fig. 14.—Uterine lipoleiomyoma. 





Fig. 15.—Exophytic uterine lipoleiomyoma. CT 


A, Sagittal pelvic sonogram through body of uterus shows 5-cm hyperechoic solid mass (arrows) scan shows predominantly fat-density mass (ar- 


obliterating endometrial canal. 


row) cephalad to and contiguous to uterus. It con- 


B, CT scan shows mass to be of fat density and confirms its intrauterine location. Intrauterine tains a focal higher-density central nodule. Ap- 


location of fatty mass is virtually diagnostic of a lipomatous uterine tumor. 
(Reprinted from Dodd et al. [10].) 


ovarian tumor. A noninvasive, sharply circumscribed, homo- 
geneous hyperechoic fat-density mass located in the retro- 
peritoneum is diagnostic of a benign pelvic lipoma. The pres- 
ence of an invasive lipogenic component identifies an other- 
wise nonspecific lipomatous pelvic mass as a liposarcoma. A 
fat-containing myxoid liposarcoma adjacent to the uterus and 
ovaries can be difficult to differentiate from the other causes 
of lipomatous pelvic masses if it is not associated with a 
lipogenic component. 
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pearance strongly favors diagnosis of a cystic 
ovarian teratoma. However, its contiguity with 
uterus suggests diagnosis of lipomatous uterine 
tumor. Incidentally noted is a large anterior ovarian 
serous cystadenoma. (Reprinted with permission 
from Oppenheimer et al. [8].) 


Fig. 16.—Mixed liposarcoma. 

A, CT scan shows well-circumscribed inhomo- 
geneous low-density mass (arrows) that contains 
regions of fat density. Contiguous, invasive, pre- 
dominantly fat-density component (arrowheads) 
extends into right retroperitoneum, elevating 
psoas muscle. 

B, CT scan shows large contiguous cephalad 
component that is predominantly of fat density. 
Appearance of circumscribed mass is consistent 
with several types of lipomatous pelvic masses 
(see Fig. 5); however, large infiltrating fatty com- 
ponent is diagnostic of mixed liposarcoma with 
myxoid and lipogenic components. 
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MR Imaging of the Tarsal Tunnel 
and Related Spaces: Normal and 
Abnormal Findings with Anatomic 
Correlation 


The tarsal tunnel syndrome may be caused by extrinsic or intrinsic pressure on the 
posterior tibial nerve or its terminal branches. The specific symptoms depend on the 
extent of nerve involvement, and compression distal or proximal to the tarsal tunnel may 
result in variants of the syndrome. To define better the capability of MR imaging for 
evaluating this entity, we performed MR imaging on three normal subjects and correlated 
the images with cryomicrotome sections. Six patients with symptoms suggestive of 
tarsal tunnel syndrome also were studied with MR. In all normal subjects, MR images 
showed the flexor retinaculum and the structures passing deep to the retinaculum: the 
tibialis posterior tendon, flexor digitorum longus tendon, flexor hallucis longus tendon, 
and the posterior tibial neurovascular bundle. The medial calcaneal sensory branch(es) 
and the medial and lateral plantar nerves also were delineated. Mechanical causes of 
compression were shown in all six symptomatic patients. The pathologic entities in- 
cluded two neurilemomas, tenosynovitis involving all three tendons, a ganglion cyst 
arising from the flexor hallucis longus tendon sheath, posttraumatic fibrosis, and post- 
traumatic fibrosis with associated posttraumatic neuroma. The MR findings were con- 
firmed surgically in five cases. 

MR imaging can accurately depict the contents of the tarsal tunnel and the courses 
of the terminal branches of the posterior tibial nerve. In our small series, MR imaging 
accurately showed the lesions responsible for tarsal tunnel syndrome. 
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Although entrapment of the posterior tibial nerve beneath the flexor retinaculum 
had been described before, the term tarsal tunnel syndrome was coined in 1962 in 
independent studies by Keck and Lam [1, 2]. This entity is analogous to the carpal 
tunnel syndrome, but is less well understood, and fewer cases have been described 
in the literature. 

Clinical symptoms consist of burning pain and paresthesias in the toes, sole of 
the foot, or medial heel aggravated by weight bearing. Similar paresthesias may 
radiate proximally up the leg [3]. Sensory impairment may subsequently develop, 
although motor deficits are very uncommon. Tarsal tunnel syndrome usually results 
from compression of the posterior tibial nerve or its branches as they pass deep 
to the flexor retinaculum. Variations in symptoms may occur when one of the 
terminal branches is compressed at a level below the end of the retinaculum. 
Although nonoperative treatments have been attempted, most authors agree that 
definitive treatment consists of surgical decompression. 

In this report, we review the anatomic boundaries of the tarsal tunnel, the 
neurovascular and tendinous structures contained within the tunnel, and finally the 
complex courses of the plantar nerves distal to the tunnel. Although previous 
studies have depicted the MR anatomy of the ankle [4, 5], a detailed discussion of 
MR imaging of the tarsal tunnel region has not been published. Furthermore, we 
are unaware of any previous discussions of radiologic imaging in evaluating tarsal 
tunnel syndrome. 
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Materials and Methods 


Three normal subjects were imaged by using a 1.5-T unit (General 
Electric Medical Systems, Milwaukee, WI) in conjunction with spe- 
cialized surface coils. A planar coil was used on two volunteers and 
a small saddle coil on one. Images were obtained in the axial, oblique 
axial, coronal, and sagittal planes by using fields of view ranging from 
8 to 10 cm. T1-weighted spin-echo images (500/20 [TR/TE]) with 2- 
4 excitations were obtained. Interleaved 3-mm slices without an 
interslice gap were used, and the coil center was placed just inferior 
to the medial malleolus for optimal evaluation of this complex ana- 
tomic region. 

Two cadaver ankles were frozen, cut into tissue blocks, and 
subsequently mounted on the stage of a cryomicrotome unit (PMV 
2250, LKB, Stockholm, Sweden). These tissue specimens were 
sequentially cut, and color photographs of the surface were taken at 
submillimeter intervals. The appropriate sections were then correlated 
with corresponding MR images and anatomic texts [6-9]. 

MR examinations were obtained in six patients who had symptoms 
suggestive of tarsal tunnel syndrome. All patients complained of pain 
and burning under the ball of the foot and/or sole; four had positive 
findings on electrodiagnostic studies. The examinations were per- 
formed at three different institutions with the same 1.5-T Signa 
system. The GE extremity coil was used in five cases, and a head 
coil was used in one case to obtain simultaneous images of both 
feet. Multiplanar T1- and T2-weighted spin-echo images were ob- 
tained in all cases. The MR findings were confirmed surgically in five 
cases. 


Results 
Normal Anatomy (Fig. 1) 


The roof of the tarsal tunnel is formed by the flexor retinac- 
ulum (formerly called the laciniate ligament), and the floor is 
formed by the medial surface of the talus, the sustentaculum 
tali, and the medial wall of the calcaneus. The flexor retinac- 
ulum is formed by juxtaposition of both the superficial and 
deep aponeuroses of the leg. Anteriorly, the retinaculum 
inserts on the anteromedial surface of the medial malleolus; 
posteriorly, it inserts into the medial tuberosity of the calca- 
neus; and inferiorly, it is bordered by the abductor hallucis 
muscle (Fig. 2). The retinaculum is thickest at its caudal 
margin, where it splits to envelop the abductor hallucis mus- 
cle. Below the abductor hallucis muscle, both layers reunite 
to become continuous with the plantar fascia. In the majority 
of cases, the tunnel is subdivided by fibrous septa that extend 
from the undersurface of the retinaculum to the periosteum 
of the calcaneus, forming separate compartments for the 
underlying structures. From anterior to posterior, these struc- 
tures include the tibialis posterior tendon, the flexor digitorum 
longus tendon, the posterior tibial neurovascular bundle 
(nerve, artery, and vena comitantes), and the flexor hallucis 
longus tendon (Fig. 3). Near the distal extent of the tunnel, 
the neurovascular bundle is located just medial to the flexor 
hallucis longus tendon (Fig. 4). 

The medial and lateral plantar nerves are two of the terminal 
branches of the posterior tibial nerve. These nerves are 
located deep to their accompanying vessels. Although bifur- 
cation of the posterior tibial nerve usually occurs deep to the 
flexor retinaculum, branching may occur proximal to the reti- 
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Fig. 1.—Diagram of contents of tarsal tunnel. (Vascular structures have 
been excluded.) See abbreviation key on this page. 





Key to Abbreviations Used in Figures 


AHM abductor hallucis muscle 
Cc calcaneus 
F fibula 
FDLT flexor digitorum longus tendon 
FHLT flexor hallucis longus tendon 
LPA lateral plantar artery 
LPN lateral plantar nerve 
LPV lateral plantar vein 
MCN medial calcaneal nerve 
MCNV medial calcaneal neurovascular 
structures 
| MPA medial plantar artery 
| MPN medial plantar nerve 
MPV medial plantar vein 
PT peroneal tendons 
PTA posterior tibial artery 
PTN posterior tibial nerve 
PTV posterior tibial vein 
QPM quadratus plantae muscle 
ST sustentaculum tali 
T talus 
TI tibia 
TIS transverse interfascicular 
septum 
TPT tibialis posterior tendon 
arrowheads flexor retinaculum 





curved arrow fibrous septum 
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Fig. 2.—Coronal section through tar- 
sal tunnel. See abbreviation key on 
page 324. Arrows = site of splitting of 
flexor retinaculum around abductor hal- 
lucis muscle. 

A, Cryomicrotome section. 

B, MR image, 500/20. 





Fig. 3.—Axial section through su- 
perior aspect of tarsal tunnel. See ab- 
breviation key on page 324. 

A, Cryomicrotome section. 

B, MR image, 500/20. 





Fig. 4.—Axial section through infe- 
rior aspect of tarsal tunnel. See abbre- 
viation key on page 324. 

A, Cryomicrotome section. 

B, MR image, 500/20. 
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Fig. 5.—Oblique axial plane shows transverse interfascicular septum, segregating medial 
and lateral neurovascular bundles. See abbreviation key on page 324. 

A, Diagram. 

B, MR image, 500/20. 


naculum. Inferior to the caudal margin of the retinaculum, the 
medial and lateral neurovascular bundles are separated by 
the transverse interfascicular septum. Proximally, this struc- 
ture inserts on the medial aspect of the calcaneus and the 
covering aponeurosis of the abductor hallucis muscle. More 
inferiorly, the septum narrows and becomes continuous with 
the medial intermuscular septum of the sole of the foot, which 
separates the medial plantar compartment from the central 
plantar compartment. This dividing septum forms an upper 
chamber for the medial plantar neurovascular structures and 
a lower chamber for the lateral plantar neurovascular struc- 
tures (Fig. 5). The medial plantar neurovascular structures 
subsequently pass within the groove between the abductor 
hallucis muscle and the flexor digitorum brevis muscle in close 
proximity to the flexor hallucis longus tendon. The medial 
plantar nerve is responsible for sensory innervation of most 
of the plantar aspect of the foot and innervates the abductor 
hallucis, flexor digitorum brevis, flexor hallucis brevis, and the 
first lumbrical muscles. The lateral plantar neurovascular 
structures exit the lower chamber, then pass between the 
flexor digitorum brevis and quadratus plantae muscles. The 
lateral plantar nerve provides sensory innervation to the lateral 
plantar aspect of the foot and also innervates the remaining 
intrinsic muscles of the foot. 

The medial calcaneal nerve is the third terminal branch and 
has numerous anatomic variations: 


1. Although it usually arises beneath the flexor 
retinaculum and then pierces the retinaculum 
as it courses posteriorly to supply the skin of 
the heel (Fig. 6), it may arise proximal to the 
retinaculum. 

2. It may arise from either the posterior tibial 
nerve or lateral plantar nerve. 

3. It may possess multiple branches rather than 
a single branch. 
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Fig. 6.—MR image, 500/20, of axial section through 
inferior aspect of tarsal tunnel shows passage of medial 
calcaneal neurovascular structures through flexor reti- 
naculum. See abbreviation key on page 324. 


Pathologic Cases 


The posterior tibial nerve and/or its terminal branches were 
compressed by extrinsic masses in six patients. Two patients 
had neurilemomas. In one of these cases, the mass involved 
the posterior tibial nerve at a level just proximal to the flexor 
retinaculum (Fig. 7). In the second case, the lesion was located 
much more distally and preferentially compressed the medial 
plantar nerve (Fig. 8). Signal intensity was generally similar to 
that of muscle on T1-weighted images and was markedly 
greater than that of muscle on T2-weighted images. 

Two cases of probable posttraumatic fibrosis were seen. 
In one case, both plantar nerves were involved distal to the 
level of the tunnel (Fig. 9). In the second case, both plantar 
nerves were involved deep to the retinaculum; a small asso- 
ciated posttraumatic neuroma, which could not be detected 
with MR, also was discovered during surgery. In both cases, 
MR imaging showed abnormal soft tissue that was essentially 
isointense with muscle on both T1- and T2-weighted images. 

One case of extensive tenosynovitis involved all three ten- 
dons at the superior aspect of the flexor retinaculum. These 
distended sheaths presumably impinged on the posterior tibial 
nerve. This patient improved clinically after conservative treat- 
ment. 

Finally, there was one case of a septated mass that was 
hypointense on T1-weighted images and hyperintense on T2- 
weighted images in close relation to the flexor hallucis longus 
tendon sheath (Fig. 10). This was interpreted as a ganglion 
cyst arising from the sheath impinging on the posterior tibial 
nerve. At surgery, the cyst was found to originate from the 
sheath at the level of the bifurcation of the posterior tibial 
nerve into its plantar branches. 


Discussion 


The tarsal tunnel syndrome is caused by entrapment of the 
posterior tibial nerve or its branches. This syndrome is idi- 
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A 


Fig. 7.—Neurilemoma arising from posterior tibial nerve (arrows) abutting vascular structures, 
and distorting flexor hallucis longus tendon. See abbreviation key on page 324. 


A, Axial T1-weighted MR image, 400/20. 


B, Axial T2-weighted MR image, 2500/80. Note high signal within posterior tibial veins due to slow 


flow and some degree of even-echo rephasing. 





Fig. 9.—Posttraumatic fibrosis. Coronal T1-weighted image, 500/20, 
shows thickening of soft tissues deep to musculature of foot, causing 
compression of neurovascular bundles (solid arrows). Abnormal soft- 
tissue density also is noted superficial to muscles, extending into subcu- 
taneous fat (open arrow). Right foot is normal. See abbreviation key on 
page 324. 


opathic in 50% of cases; in the rest, a mechanical cause of 
nerve impingement may be found during surgery [10]. Me- 
chanical reasons include ganglion cysts, venous varicosities, 
tenosynovitis, hind-foot valgus, abductor hallucis hypertro- 
phy, and posttraumatic fibrosis. Unlike carpal tunnel syn- 
drome, the disease is usually unilateral. Diagnosis depends 
on clinical history, a positive Tinel sign (elicitation of symptoms 
with tapping of the posterior tibial nerve), and electrodiagnos- 
tic testing. 

The clinical presentation may be modified by the presence 
of anatomic variations in the pattern of branching of the 
posterior tibial nerve and by the location of the space-occu- 
pying lesion in nonidiopathic cases. 
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Fig. 8.—Neurilemoma selectively involving me- 
dial plantar nerve. Coronal T2-weighted MR image, 
2500/80, shows high-signal-intensity neoplasm 
(arrows) situated distal to tarsal tunnel. See ab- 
breviation key on page 324. 


In a study of 68 cadaver dissections, Havel et al. [11] noted 
division of the posterior tibial nerve into the medial and lateral 
plantar nerves deep to the flexor retinaculum in 93% of 
specimens. Proximal division was seen in 7% of specimens. 
In a series of 31 cadaver dissections, Dellon et al. [12] 
appreciated bifurcation deep to the retinaculum in 95% and 
proximal bifurcation in 5% of specimens. Bifurcation distal to 
the retinaculum was not seen in either of these two studies. 
Great variability in the branching of the medial calcaneal nerve 
also has been noted. This branch usually arises from the 
posterior tibial or lateral plantar nerve. Multiple branches were 
seen in 21% of the specimens in the series of Havel et al. 
[11] and 25% of cases in the series of Dellon et al. [12]. In 
the latter investigation, branching from the posterior tibial 
nerve proximal to the retinaculum was seen in 40% of speci- 
mens. In each case, the particular pattern of nerve involve- 
ment depends on the nerve branching pattern. 

The precise location of a mass lesion (i.e., proximal, within, 
or distal to the tarsal tunnel) also will determine which nerves 
are compressed. In one of our cases, a neurilemoma com- 
pressed the posterior tibial nerve above the level of the flexor 
retinaculum, but beneath the deep fascia of the leg. As 
previously stated, this fascia contributes to the formation of 
the flexor retinaculum more inferiorly. In the second case of 
neurilemoma, the mass selectively compressed the medial 
plantar nerve distal to the retinaculum. Distal involvement also 
was noted in one case of posttraumatic fibrosis. In three 
cases, the site of impingement was within the tarsal tunnel. 

Although conservative treatments consisting of use of an 
orthosis, local injection, antiinflammatory medications, and 
tricyclic antidepressants have been tried, definitive treatment 
consists of decompressive surgery. An incision is made over 
the course of the posterior tibial nerve beginning about 3-4 
cm above the medial malleolus. The neurovascular bundle is 
carefully identified and dissected distally; the medial calcaneal 
nerve is protected. The sheath of the posterior tibial nerve is 
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usually split and any intrinsic adhesions are released. The 
retinaculum is then released and the medial and lateral plantar 
nerves are decompressed as far distally as possible. In most 
series, 80-90% of patients report excellent results after sur- 
gery [13]. 

In this report, we have outlined the anatomy of the tarsal 
tunnel and related spaces, emphasizing the distal courses of 
the three terminal branches of the posterior tibial nerve. With 
MR imaging, we were able to identify the retinaculum, the 
contents of the tunnel, the fine septa deep to the retinaculum, 
the separating septum between the medial and lateral plantar 
nerves distal to the retinaculum, and the three terminal 
branches of the posterior tibial nerve. The clinical diagnosis 
of tarsal tunnel syndrome can be difficult to make, and no 
definitive diagnostic test is available. However, the success 
of surgical treatment depends on an accurate preoperative 
diagnosis. The variable pattern of nerve branching is important 
in understanding of patients’ symptoms, and use of MR 
imaging to identify those patients with a definite space-occu- 
pying lesion may help the orthopedic surgeon before surgery 
by providing a diagnosis and an operative anatomic map. 
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Fig. 10.—Ganglion arising from 
flexor hallucis longus tendon sheath. 
See abbreviation key on page 324. 

A, Axial spin-density MR image, 
2500/20, shows a mass abutting flexor 
hallucis longus tendon in expected lo- 
cation of neurovascular bundle 
(arrows). 

B, Sagittal T2-weighted MR image, 
2500/80, shows septated, high-signal- 
intensity mass located posterior to 
flexor digitorum longus tendon, in ex- 
pected location of neurovascular bun- 
dle (arrows). 
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MR Imaging of the Knee in Acute 
Rheumatoid Arthritis: Synovial Uptake 
of Gadolinium-DOTA 


In patients with rheumatoid arthritis, the presence of acute synovial inflammation is 
an indication of the activity of the disease. It is an important finding because it often 
influences therapeutic decisions. However, acute synovitis may be difficult to detect by 
clinical examination, especially if a joint effusion also is present. As gadolinium tetra- 
azacyclododecane tetraacetic acid (Gd-DOTA) can be expected to accumulate in areas 
of acute inflammation, we studied the value of Gd-DOTA-enhanced MR to determine 
the presence of acute synovitis. Nine patients with current knee symptoms underwent 
MR examination of the knee. Short and long TR/TE MR images were obtained with a 
0.3-T magnet before and immediately after IV administration of Gd-DOTA. A 15-min 
delayed short TR/TE image also was obtained. Of eight patients with moderate to severe 
clinical evidence of acute synovitis, six had marked increase and two had moderate 
increase in signal intensity from synovial tissue on the short TR/TE image obtained 
immediately after administration of contrast material. In the ninth patient, who had 
minimal synovitis clinically, the signal from the synovium did not change after adminis- 
tration of contrast material. No difference was seen between the enhancement pattern 
on the immediate and the 15-min delayed images. 

These results suggest that Gd-DOTA is taken up by inflamed synovium and that Gd- 
DOTA-enhanced MR scans may be useful in detecting acute synovitis in patients with 
rheumatoid arthritis. 
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Studies in patients with acute rheumatoid arthritis show that the MR signal from 
inflamed synovium is the same or similar to that of joint effusion on both short and 
long TR/TE MR images [1, 2]. However, if the inflamed synovium accumulates Gd- 
DOTA [3] (gadolinium tetra-azacyclododecane tetraacetic acid; Laboratoire Guer- 
bet, Aulnay-sous-Bois, France), an MR contrast agent for IV administration, MR 
signal alterations may be useful to improve detection of acute synovitis in these 
patients. 

We obtained Gd-DOTA-enhanced MR images of the knee in nine patients with 
acute rheumatoid arthritis and current knee symptoms to determine if there is 
uptake of Gd-DOTA by inflamed synovium and if contrast-enhanced images could 
be used to identify acute synovitis. 


Subjects and Methods 


Nine consecutive patients with acute rheumatoid arthritis and current inflammatory symp- 
toms in the knees were included in the study. The study protocol was approved by the 
hospital's human research committee, and informed consent was obtained from the patients. 
There were two men and seven women, with an age range of 26-66 years and a median age 
of 52 years. Disease duration ranged from 0.5 to 40 years (median, 11 years). Seven patients 
had had previous episodes of knee joint involvement. The current episode of knee symptoms 
ranged from 2 to 16 weeks in duration (median, 4 weeks). Physical examination showed joint 
tenderness in all patients. Eight had palpable synovial thickening, and seven had a palpable 
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effusion. The erythrocyte sedimentation rate ranged from 8 to 100 
mm/hr (median, 34 mm/hr). Six patients were being treated with 
nonsteroidal antiinflammatory drugs, five with corticosteroids, and 
two with chloroquine. 

The MR examinations were performed with a 0.3-T Fonar 3-3000M 
scanner (Fonar Corp., Melville, NY) with a solenoid knee coil. All 
images were obtained in the sagittal plane. Section thickness was 
5.0 mm, with 2.8-mm intervals. The field of view was 20 cm, over a 
256 x 256 matrix. Each patient was examined with a short TR/TE 
(400/16) and a long TR/TE (2000/85) spin-echo (SE) sequence fol- 
lowed by IV injection of Gd-DOTA (0.1 mmol/kg body weight) and 
directly thereafter another short TR/TE (400/16) SE sequence. In an 
attempt to obtain information about the contrast medium distribution 
in the soft tissues and possibly in the joint effusion, we obtained a 
second (15-min delayed) short TR/TE (400/16) SE image in eight 
patients. Further delayed MR sequences were not attempted because 
of the patients’ discomfort caused by prolonged immobility. The 
patients were questioned concerning the presence of side effects 
due to the contrast medium. 

The MR images were studied to determine the signal intensity of 
the synovium. The changes in intensity on the short TR/TE SE images 
made before and after administration of Gd-DOTA were graded as 
unchanged (synovial signal similar to muscle), moderately increased 
(signal greater than muscle but not as high as fat), and markedly 
increased (signal similar to fat). 

Recent plain films of the knee joint were available in all patients. 
The rheumatoid changes present on the radiographs were classified 
according to Larsen’s six-point grading system [4] for severity of joint 
involvement by inflammatory arthritis. 


Results 


Before administration of Gd-DOTA, the signals of the sy- 
novium and the joint effusion on short TR/TE SE images were 
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of the same intensity as that of adjacent muscles (Figs. 1A 
and 2A). On long TR/TE SE images, also obtained before Gd- 
DOTA administration, the synovium and effusion both had 
identical high signal intensity (Figs. 1B and 2B). 

After Gd-DOTA injection, six patients showed a markedly 
increased signal intensity of the synovium (similar to the high 
signal from fatty marrow in adjacent proximal tibia) (Figs.1C 
and 2C). Two patients showed only a moderate increase in 
synovial signal, and in one patient no change was seen. 

In the six patients with marked signal increase on enhanced 
MR images, the duration of the knee involvement ranged from 
6 to 40 years, and the presence of acute synovitis ranged 
from 2 to 16 weeks. The two patients with moderately in- 
creased synovial signal had had rheumatoid arthritis for 7 and 
18 months, knee involvement for 1 and 18 months, and 
current knee synovitis for 4 and 8 weeks. The patient with no 
change in synovial signal had had rheumatoid arthritis for 2 
years but symptoms involving the knee joint for only 2 weeks. 

When correlating the MR enhancement patterns with clini- 
cal findings, we found that all six patients with marked syno- 
vial enhancement had palpable synovial thickening. Five were 
found by palpation to have joint effusions also. MR examina- 
tion showed both the synovial thickening and the joint effu- 
sions in these five patients, whereas the sixth patient had 
synovial thickening with marked enhancement but no joint 
effusion. The two patients with moderate enhancement both 
had palpable synovial thickening and joint effusions, and these 
findings were identified on the MR images also. The patient 
with no enhancement had no palpable synovial thickening or 
effusion, but a small joint effusion was detected on the MR 
images. 


Fig. 1.—36-year-old woman with rheumatoid arthritis and knee involvement for 11 years with active synovitis for 4 weeks. 
A, Sagittal short TR/TE MR image shows irregular area of intermediate signal (black arrows), which may represent joint effusion or thickened synovium, 
along inner surface of Hoffa fat pad, as well as in suprapatellar recess (white arrow) and posterior intracapsular region (arrowheads). Note marked 


narrowing of hyaline cartilage. 


B, Long TR/TE MR image shows both fluid and synovium to have similar high signal intensity. 

C, Short TR/TE MR image obtained after administration of gadolinium tetra-azacyclododecane tetraacetic acid (Gd-DOTA) shows increased signal, 
approaching that of marrow fat, from articular border of Hoffa fat pad (black arrows), periphery of suprapatellar recess (white arrowheads), and posterior 
intracapsular region (black arrowhead), indicating presence of inflamed synovium. Signal from fluid (curved arrow) in suprapatellar recess remains 


unchanged. 


AJR:155, August 1990 MR OF ACUTE RHEUMATOID ARTHRITIS IN KNEE 331 





A B 


C 


Fig. 2.—64-year-old woman with rheumatoid arthritis for 10 years had knee involvement for 9 years with acute knee synovitis for 2 weeks. 
A, Sagittal short TR/TE MR image through medial joint compartment shows joint distension by fluid or thickened synovium anteriorly (arrowheads) and 
posteriorly (straight arrow). Femoral and tibial hyaline cartilage is markedly narrowed. An intraosseous cyst (curved arrow) with intermediate signal is 


present in femoral condyle, near joint capsule insertion. 


B, Long TR/TE MR image shows high signal from synovium and from femoral cyst (curved arrow). 

C, MR image obtained after gadolinium tetra-azacyclododecane tetraacetic acid (Gd-DOTA) administration shows increase in signal of synovium and 
cystic lesion (curved arrow). A subchondral area of low signal (open arrow) is also better seen. Enhancement of femoral lesion indicates that it contains 
synovial tissue, whereas appearance on short and long TR/TE images incorrectly suggests fluid. 


The short TR/TE images obtained before and after Gd- 
DOTA administration were compared with the long TR/TE 
images obtained before Gd-DOTA administration, which 
showed high signal intensity both of joint effusion and synovial 
hypertrophy. On neither of the images obtained without Gd- 
DOTA could synovial hypertrophy be well distinguished from 
joint effusion. 

In two patients, cystic bony lesions not seen on conven- 
tional radiographs were identified on MR images (Figs. 2A- 
2C). Again, short and long TR/TE images suggested fluid 
content of the cysts, but the signal enhancement of the lesions 
indicated the presence of synovial tissue. 

The degree of contrast enhancement was correlated with 
the severity of involvement on plain films as indicated by the 
Larsen index. Of the six patients with marked enhancement, 
the abnormalities shown on radiographs were severe (score 
4) in two patients, mild (score 2) in three patients, and minimal 
(score 1) in one patient. The two patients with moderate 
enhancement and the patient with no enhancement had no 
alterations (score 0) on radiographs. 

No relationship between enhancement and erythrocyte 
sedimentation rate was seen. No contrast-related reactions 
occurred. 


Discussion 


Synovial inflammation and hypertrophy are monitored clin- 
ically in patients with rheumatoid arthritis to determine need 
for or response to therapy. This is usually sufficient, but the 
findings are difficult to quantify. Plain radiographs, CT scans, 
and unenhanced MR images do not differentiate synovial 
thickening from joint effusion, which is often present also. Our 


results suggest that Gd-DOTA is taken up by acutely inflamed 
synovium and that enhanced images are useful to detect 
synovitis. 

Precise quantification of the degree of synovial contrast 
enhancement is difficult, because signal intensities in various 
regions of interest vary because of field inhomogeneity. For 
this reason, we used an arbitrary scale, comparing the signal 
to that of other tissues such as muscle and fat on short TR/ 
TE images obtained before and after Gd-DOTA administra- 
tion. 

Gadolinium-DOTA [3] has properties similar to gadopente- 
tate dimeglumine, which has been used mainly for MR studies 
of the brain, but also has value in the MR evaluation of 
musculoskeletal tumors [5] and in the postoperative spine 
[6]. Both contrast agents are distributed mainly in the extra- 
cellular space soon after IV injection and accumulate in re- 
gions of increased vascular permeability. 

To determine if Gd-DOTA is rapidly distributed into the joint 
effusion in an acutely inflamed rheumatoid joint, we obtained 
a 15-min delayed, short TR/TE SE image after the immediate 
postinjection image. We did not observe any change in signal 
intensity from the joint effusion or other joint structures on 
these delayed images compared with the immediate postin- 
jection images. 

Chronic synovial hypertrophy has been reported to cause 
intermediate signal on long TR/TE SE images [1, 2]. This is 
likely to represent fibrotic thickening of previously inflamed 
synovium. Low-signal regions on MR images also can be 
expected if synovial hemorrhage has occurred, similar to the 
findings described in pigmented villonodular synovitis [7]. 
However, in patients with acute inflammation, the synovial 
signal will be high on long TR/TE SE images [1], presumably 
related to the increased synovial water content. The findings 
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of intermediate signal on long TR/TE SE images in synovial 
hypertrophy without acute inflammation, and high signal with 
acute inflammation, are supported in an animal model MR 
study of inflammatory arthritis [8]. In a subsequent rat model 
study by the same authors [9], marked MR signal enhance- 
ment of periarticular tissues occurred after the IV administra- 
tion of gadopentetate dimeglumine, but was seen only in 
areas with histologic findings of active inflammation. 
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Cervical Osteomyelitis Due to IV 
Heroin Use: Radiologic Findings in 14 
Patients 


We reviewed the radiographs of 14 patients who had cervical osteomyelitis and were 
IV heroin users. Eleven were men and three were women. Their age range was 33-48 
years (mean, 39 years). Eleven regularly used the jugular vein access, and three 
alternated between the jugular and femoral veins. Initial radiographs of the cervical 
spine in 13 patients showed destruction of two or more vertebral bodies and the adjacent 
intervertebral disk, as well as a prevertebral soft-tissue mass. In one patient, findings 
on initial radiographs were normal, but marked destruction at two contiguous interver- 
tebral levels and a large prevertebral abscess were identified 2 weeks later. All the 
patients had positive results on cultures of joint aspirates or bone biopsy materials (10 
patients) or blood (four patients). Ten grew Staphylococcus aureus; two, Staphylococcus 
epidermidis; one, Streptococcus viridans; and one, Pseudomonas aeruginosa. CT in nine 
patients showed inflammatory reaction adjacent to the carotid sheath resulting from the 
repeated jugular injections and delineated the extent of prevertebral abscess and bone 
destruction. Scintigrams were of minimal value in establishing the diagnosis. 

Advanced vertebral body destruction, disk space infection, prevertebral abscess, and 
anterior cervical inflammatory reaction appear to be typical findings on radiographs in 
heroin abusers with cervical osteomyelitis. 


AJR 155:333-335, August 1990 


The cervical spine is a relatively uncommon site for osteomyelitis. In the past 4 
years, we have seen 14 patients with cervical osteomyelitis who were IV heroin 
users. This study details the radiologic features of cervical osteomyelitis in IV drug 
abusers. 


Materials and Methods 


We reviewed all the records from January 1, 1986, through September 30, 1989, of 
patients whose diagnosis was cervical osteomyelitis and IV drug abuse. Eleven were men 
and three were women. Their age range was 33-48 years (mean, 39 years). Length of time 
as an IV heroin drug user was 6-30 years (mean, 13 years). One patient used cocaine and 
heroin. Eleven patients used the jugular vein access regularly and three alternated between 
the femoral and jugular vein access. 

The most frequent symptoms were neck pain and upper extremity weakness. These 
symptoms were present for 2-4 weeks before the hospital admission. In all patients, the 
diagnosis was established on the basis of the clinical and radiologic findings and positive 
results on cultures of joint aspirates or bone biopsy material (10 patients) or blood (four 
patients). Ten of the cultures grew Staphylococcus aureus, two grew Staphylococcus 
epidermidis, one grew Streptococcus viridans, and one grew Pseudomonas aeruginosa. 

Cervical spine radiographs were available in all 14 patients, laminograms of the cervical 
spine in four patients, CT scans in nine, technetium-99m methylene disphosphonate (°°"Tc- 
MDP) bone scans in seven, and myelograms in two. 
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Results 


The plain films in 13 patients showed classic cervical osteo- 
myelitis characterized by advanced destruction of two or more 
vertebral bodies and the adjoining disk and a prevertebral 
abscess (Figs. 1-3). Twelve patients had involvement at a 
single level; two at two contiguous levels. The levels were 
C4-C5 (two patients), C5-C6 (eight patients), C6-C7 (four 
patients), and C7-T1 (two patients). In one patient, findings 
on the initial radiographs were normal, except for degenera- 
tive osteoarthritis. Two weeks later, radiographs showed 
marked bony destruction in two contiguous levels and a large 
prevertebral abscess. All seven patients who had °°"Tc-MDP 
bone scans showed increased uptake of radionuclide in the 
cervical area (Fig. 1B). All nine patients with CT scans showed 
inflammatory reaction about the carotid sheath and anterior 
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cervical triangle with prevertebral soft-tissue mass adjacent 
to areas of the bone destruction (Figs. 1C and 1D). Myelog- 
raphy in two patients showed an extradural block due to 
epidural abscess (Fig. 1E). 


Discussion 


Osteomyelitis of the spine in adults is least common in the 
cervical region. It usually occurs during the fifth and sixth 
decades of life in debilitated persons [1]. Our patients, all of 
whom were IV heroin abusers, had a mean age of 39 years. 

With one exception, our patients show marked destruction 
of two or more vertebral bodies and the adjoining disk and a 
large prevertebral abscess on initial radiographs. These find- 
ings are similar to those of any pyogenic infection, but were 
more advanced than those in patients with osteomyelitis from 





Fig. 1.—A, Radiograph of cervical spine of IV drug abuser with a large cervical mass shows destruction of C5 and C6 with adjoining disk space infection 


(straight arrows) and large prevertebral abscess (curved arrows). 


B, °°"Tc-methylene diphosphonate scintigram shows increased activity in lower cervical spine (arrow). 

C, CT scan at C5 level shows inflammatory reaction surrounding carotid sheath with retropharyngeal extension (solid arrows), destruction of vertebral 
body with extensive bone sequestration (arrowhead), and encroachment on neural canal (open arrows). JV = jugular vein. 

D, Magnified CT scan of cervical region at level of C6 shows inflammatory changes in anterior right cervical compartment. Note low-density inflammatory 
reaction medial to sternocleidomastoid muscle (M) with air-fluid collection (straight arrows) anterior to jugular vein (JV). Contiguous inflammatory reaction 
involves anterior cervical triangle and prevertebral space. BS = bone sequestrum. 

E, Cervical myelogram shows extradural obstruction due to epidural abscess (arrows). 
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Fig. 2.—Heroin user unable to hold head up- 
right with upper and lower extremity weakness. 
Lateral radiograph of cervical spine shows se- 
vere destructive changes of C6 and C7 (arrows). 
Note soft-tissue air within a prevertebral ab- 
scess (arrowheads). 


Fig. 3.—A 36-year-old female heroin abuser. 
Lateral cervical spine radiograph shows destruc- 
tion of C6, C7, and T1 vertebral bodies and 
adjoining disk space infection. Note large cervi- 
cal abscess (arrows). 


other sources. This may be because narcotic users often 
seek medical attention late in the course of disease. Scintig- 
raphy was of limited value in establishing the diagnosis be- 
cause the diagnosis was apparent on initial radiographs. 

CT scans were useful in delineating the extent of the 
infection in soft tissue and bone. All CT scans showed a soft- 
tissue inflammatory reaction in the patients who regularly 
used the jugular veins as the access for narcotic injection. 
Invariably, no soft-tissue plane differentiation could be de- 
tected between the inflammatory reaction in the anterior 
cervical compartment and the prevertebral abscess. The cer- 
vical fascial planes normally provide a barrier for spread of 
infection in the cervical region. Laceration of the layers of the 
cervical fascia by a traumtic injection or by injection of the 
drug outside the vascular system, resulting in tissue necrosis, 
may provide a pathway for contiguous spread of infected 
material to the vertebral bodies and their joints. Furthermore, 
the lower location of the cervical spondylitis and the low 
jugular vein access sought by the drug user suggest a link 
between the infectious process and the injection site. 

The primary route of bacterial access to the spine is usually 
hematogenous [2]. Other routes of access include direct 
inoculation from traumatic or surgical wounds. No clear ex- 
planation exists for the high prevalence of cervical osteomye- 
litis in IV drug abusers. From our data, it appears that in the 
IV drug abuser, cervical osteomyelitis may result from direct 
contamination of the spine or prevertebral soft tissues at the 
needle entry site during jugular injection. 

Cervical osteomyelitis is usually not a complication in novice 
drug users; it is seen in long-standing drug abusers. The 
average length of IV drug use in our patients was 13 years. 
We concluded that it takes a long time before the peripheral 
veins become sclerotic and the user turns to more centrally 
located veins, such as the jugular and the femoral veins. 

The spectrum of causative organisms encountered in our 
population of IV drug abusers contrasts sharply with most of 
the previous reports of vertebral osteomyelitis, in which Gram- 
negative organisms were most prevalent [3-9]. Thirteen pa- 
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tients in our study had Gram-positive cocci and one had 
Gram-negative bacillus. Because of the high prevalence of S. 
aureus infections reported among heroin users, LaRocca and 
Eismont [1] suggested that the skin probably serves as the 
source of the infecting organism responsible for bone and 
joint infection. Similarly, we speculate that the source of the 
S. aureus infections in our patients was the skin or a cervical 
soft-tissue infectious focus. 

Advanced vertebral body destruction with adjoining disk 
space infection, large prevertebral abscess, and anterior cer- 
vical compartment inflammatory reactions are radiologic fea- 
tures seen in cervical osteomyelitis in IV heroin abusers. 
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Book Review 


The Radiologic Clinics of North America. Musculoskeletal Trauma. Guest editor: David J. Sartoris. Philadelphia: 
Saunders, September 1989;27(5):839-1057. $25; by subscription, 6 issues annually for $93 


Presumably intended for practicing general radiologists, this collec- 
tion of solicited articles includes contributions from many of the 
luminaries of osteoradiology and attempts to cover succinctly the 
current role of imaging in the diagnosis and management of muscu- 
loskeletal trauma. The individual contributions lack a cohesive format 
and are of uneven quality and are necessarily superficial. However, 
taken as a whole, the issue provides a good panoramic view of 
current technologies and their capabilities and indications for appli- 
cations. Particularly interesting discussions are presented on sonog- 
raphy (Kaplan et al.), scintigraphy (McDougall and Rieser), spinal 
trauma (Murphey et al.), fracture complications (Hendrix and Rogers), 
and postoperative evaluation (Weissman and Reilly). 

Unfortunately, the clinical and imaging scope attempted is daunting 
and reasonably beyond the capabilities of such a short text. Perhaps 
amore narrowly defined topic might have allowed more readily usable 
information to be conveyed. Thus, readers seeking practical tools for 
the management and imaging of trauma to the musculoskeletal 
system will need to refer to standard texts, such as Rogers's Ra- 
diology of Skeletal Trauma and Harris and Harris's The Radiology of 
Emergency Medicine, and cogent topic-specific articles from the 
recent literature. 

The articles are organized into three sections: (1) evaluation by 
anatomic region, (2) available technologies, and (3) detection of 
posttraumatic complications and follow-up. Presenting review of im- 
aging technologies before the discussion of site-specific applications 
might afford those readers less familiar with CT, sonography, and 
MR imaging a better appreciation of the authors’ clinical messages. 
The discussions of regional trauma are generally superficial, and 
occasionally misleading. There are several examples; however, two 
will suffice for illustration. The attempt to present and discuss both 
pelvic and chest wall trauma simply uses too broad a stroke. The 


review of classification of both pelvic and acetabular fractures is 
dominated by line diagrams without sufficient illustrative radiographs. 
The presentation of thoracic wall trauma is incomplete because it 
does not discuss scapular fractures, costovertebral or brachial plexus 
injuries, and putative relationships to disruptions of the great vessels 
and airways. The description of carpal injuries, as part of upper- 
extremity trauma, is potentially confusing. For example, the author 
implies the existence of a dorsal ulnotriquetral ligament to “mediate” 
the common dorsally located triquetral flake fracture. The papers on 
postoperative evaluation and complications are good and lucidly state 
the role and standards of expert posttraumatic imaging. As might be 
expected in a text that has more than one author, the book has 
modest topical redundancy, unresolved divergence of opinion, and 
occasional inaccuracies. 

Most of the illustrations are of excellent quality and are effective. 
The bibliographies are selective and pertinent. The general index 
lacks depth (e.g., neither Monteggia nor Galeazzi fractures are found 
in the index although both are mentioned more than once in the text). 
However, as the depth of the text is not sufficient for the book to be 
considered a routine reference source, the index is functional. 

As the book does not present a how-to-do-it approach or new 
information, it may not be purposeful reading for either beginners or 
experts in the field. For practicing radiologists desiring an expeditious 
refresher and for nonradiologic professionals seeking information on 
the appropriateness of radiologic technologies in trauma, this is a 
good point of departure. 


F. A. Mann 
Mallinckrodt Institute of Radiology 
St. Louis, MO 63110 
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Case Report 


Giant Synovial Cyst Associated with a Pseudarthrosis 


of a Rib: MR Appearance 


Christopher S. Morris’ and Javier L. Beltran 


Synovial cysts due to inflammatory arthritis or trauma are 
not uncommon in the knee and also may occur in the shoulder, 
elbow, hip, wrist, hand, foot, and ankle [1]. To our knowledge, 
a synovial cyst associated with a traumatic pseudarthrosis of 
a rib has not been described before. We report the MR 
appearance of a giant synovial cyst of the chest wall associ- 
ated with a pseudarthrosis of a rib. 


Case Report 


A 58-year-old man with chronic obstructive pulmonary disease and 
a chronic cough presented with an enlarging mass in the right side 
of the chest wall. He first noticed the mass about 1 year before 
examination. He had no history of recent trauma. 

An initial posteroanterior chest radiograph revealed diffuse 
changes of chronic obstructive pulmonary disease, in addition to a 
right-sided extrapleural chest wall mass associated with rib fractures. 
The fractures of the posterolateral aspects of the right sixth and 10th 
ribs appeared nonunited (Fig. 1A). 

Because a chest wall neoplasm was suspected, a thoracic MR 
examination was performed. The coronal, T1-weighted partial satu- 
ration MR image confirmed the pseudarthrosis of the right sixth rib, 
in addition to the large low- to intermediate-signal-intensity fluid 
collection displacing the latissimus dorsi and serratus anterior mus- 
cles laterally (Fig. 1B). Interruption of the fat plane adjacent to the 
pseudarthrosis was noted. 

The axial, proton-density, spin-echo MR image showed the inter- 
mediate- to high-signal-intensity fluid collection in the orthogonal 
plane. The pseudarthrosis of the right sixth rib was seen again (Fig. 
1C). The axial, T2-weighted, spin-echo image showed the high-signal- 
intensity fluid collection with a flow-related artifact in the axis of the 
phase-encoded gradient (Fig. 1D). 

During surgery, a large fluid collection was found dissecting be- 
tween the right lateral rib cage and serratus anterior muscle. This 
cyst was resected, along with the posterolateral aspect of the right 
sixth rib and its associated parietal pleura. 


Pathologic examination confirmed the pseudarthrosis of the sixth 
rib. The cyst was lined by synovial epithelium. Examination of the 
cyst contents revealed a clear, yellow liquid, which was synovial fluid. 


Discussion 


The preliminary MR diagnosis of this chest wall lesion was 
a pseudoaneurysm associated with a rib fracture. This would 
explain the flow-related artifact seen on the T2-weighted 
image. However, a paramagnetic effect of hemosiderin dep- 
osition would be expected in an old pseudoaneurysm or 
hematoma, and this was not found in our case. 

The differential diagnosis of dissecting giant synovial cysts 
includes aneurysms, pseudoaneurysms, hematomas, ab- 
scesses, and benign and malignant tumors [2]. A chest wall 
neoplasm was suspected clinically in our case, so an MR 
examination was performed instead of CT or sonography, 
both of which could detect the nature and extent of a pseu- 
doaneurysm or hematoma. MR imaging has been shown to 
be useful in the evaluation of chest wall lesions [3]. It is 
effective in delineating the extent of tumors and is more 
effective than CT in depicting neoplasms invading the chest 
wall and pleura [4]. In view of the multiple rib fractures, 
pathologic rib fractures from primary or metastatic neoplasms 
also were considered before the MR examination. However, 
the liquid nature of the lesion, which was shown elegantly by 
MR imaging, effectively excluded all neoplasms. An abscess 
of this magnitude would have been clinically evident. 

The MR imaging appearance of simple synovial cysts has 
been described before. Standardized to fat and muscle, on a 
low-field-strength system (0.15 T), simple synovial cysts were 
found to be low signal intensity (lower than muscle) on T1- 
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weighted images and high signal intensity on T2-weighted 
images [5]. The synovial cyst in our patient showed slightly 
higher signal intensity on the images obtained with our 1.5-T 
system. We hypothesize that this may have been because of 
small amounts of blood products, such as methemoglobin, 
from subclinical hemorrhage into the cyst. The phase-en- 
coded flow artifact probably was due to respiratory motion- 
induced fluid waves within the giant synovial cyst. 

Giant synovial cysts are most commonly associated with 
rheumatoid arthritis and trauma involving large joints [1]. The 
current case shows that they also may be associated with a 
pseudarthrosis of a rib. Synovial tissue may proliferate in a 
traumatic nonunion of a long bone because of gross motion. 
Hyaline cartilage also is found covering the bone ends. The 
synovial cavity may then fill with fluid, creating a gap between 
the bone ends. The bones most commonly involved with a 
synovial pseudarthrosis include the femur, tibia, clavicle, 
metatarsal, ulna, and radius [6]. Rib fractures due to blunt 
trauma or coughing may be another site at risk because of 
continued motion from intercostal muscle contractions. 

This case illustrates that MR imaging can be helpful in the 
preoperative diagnosis and evaluation of giant synovial cysts 


Fig. 1.—A, Chest radiograph shows 
changes of chronic obstructive pulmo- 
nary disease, a right-sided extrapleural 
chest wall mass, and associated rib 
fractures. Fractures of posterolateral 
aspects of right sixth and 10th ribs ap- 
pear nonunited (arrows). 

B, Coronal, T1-weighted (1000/20) 
partial saturation MR image confirms 
pseudoaneurysm of right sixth rib. A 
large low- to intermediate-signal-inten- 
sity fluid collection is present lateral to 
ribs, displacing latissimus dorsi and 
serratus anterior muscles laterally 
(short arrows). Interruption of paracos- 
tal fat plane adjacent to pseudarthrosis 
is also noted (long arrow). 

C, Axial, proton-density, spin-echo 
(2000/20) MR image shows intermedi- 
ate- to high-signal-intensity fluid col- 
lection in orthogonal plane. Pseudar- 
throsis of sixth rib is shown again. 

D, Axial T2-weighted, spin-echo 
(2000/80) MR image shows high-sig- 
nal-intensity fluid collection, associ- 
ated with a flow-related artifact in axis 
of phase-encoded gradient (arrows). 





of the chest wall associated with a pseudarthrosis of a rib. 
MR imaging can help exclude the more common chest wall 
neoplasms, hematomas, and pseudoaneurysms through sig- 
nal and flow characteristics. Newer pulse sequences may be 
better able to delineate the hyaline cartilage of the pseudar- 
throsis associated with a synovial cyst. 
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Dyscrasia 


Shashi Aggarwal,'* Rajinder Kumar Goulatia,’ Ajay Sood,? Kameshwar Prasad,? Gulshan Kumar Ahuja,® 


Michael J. Mitchell,* and Alka Kumar’? 


POEMS is an acronym, first proposed by Bardwick et al. 
[1], for a rare but unique multisystem disorder characterized 
by polyneuropathy (predominantly sensorimotor), organome- 
galy (hepatosplenomegaly, lymphadenopathy), endocrinopa- 
thy (including gynecomastia, impotence, amenorrhea, diabe- 
tes mellitus, and hypothyroidism), elevated M protein level, 
and skin changes (such as hyperpigmentation, hypertrichosis, 
and thickening). Other major findings include papilledema, 
peripheral edema, ascites, and clubbing [2]. Affected patients 
may not exhibit all these features, and sometimes presenta- 
tions are atypical. The syndrome was first reported in Japan 
more than two decades ago. Most patients have been of 
Japanese descent [2], but a number of recent reports, which 
indicates an increasing clinical awareness and lack of ethnic 
predilection of this entity, testify to its occurrence in North 
American, Europe, and Australia. No patients with this syn- 
drome have previously been reported from India. 

Although POEMS syndrome has received much emphasis 
in the clinical literature, it has received little attention in the 
radiologic literature. This is unfortunate, as awareness of the 
syndrome and its virtually diagnostic radiologic manifestations 
may allow the radiologist to suggest the diagnosis first. 


Case Report 


A 35-year-old man presented with progressive peripheral neurop- 
athy of 5 years duration; it involved all four limbs and was accom- 


panied by hyperpigmentation, hypertrichosis, impotence, gynecomas- 
tia, weight loss, and episodes of pedal edema. Physical examination 
revealed hepatosplenomegaly, bilateral axillary lymphadenopathy, 
and bilateral papilledema. Investigations revealed hyperglobulinemia 
with an M protein spike on serum electrophoresis, elevated thyroid- 
stimulating hormone level, and non—Bence Jones proteinuria. CSF 
examination revealed elevated protein levels. A myelogram obtained 
elsewhere was reported to be normal. A cranial CT scan was normal. 
Decreased esophageal peristalsis was demonstrated on barium swal- 
low. A skeletal survey detected several abnormalities. There was a 
large lytic lesion with an irregular, densely sclerotic margin in the left 
ilium (Fig. 1A). New bone was noted arising from the posterior 
elements of lumbar and lower dorsal vertebrae, diskovertebral junc- 
tions, lower costovertebral articulations, inferior border of lower ribs, 
tibial and fibular margins, and pelvis (Fig. 1A). CT of the spine 
demonstrated this new bone in greater detail (Fig. 1B). Biopsy of the 
skin, muscle, and lymph nodes failed to establish a uniform diagnosis. 
A CT-guided biopsy from the left iliac lesion was then performed, 
which demonstrated sheets of plasma cells. After irradiation of the 
iliac lesion and a course of immunosuppressive chemotherapy, the 
patient's general status improved with resolution of the increased 
level of serum M protein. 


Discussion 


Two other similar cases are illustrated. In one, a densely 
sclerotic fourth lumbar vertebra with prominent osseous pro- 
liferation was seen (Fig. 2), as was an irregular sclerotic lesion 
in the upper left femur; biopsy of the femur revealed mildly 
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hypercellular bone marrow with an increased number of 
plasma cells. A skeletal survey in the other case showed new 
bone arising from the lumbar spine (Fig. 3) and along the 
margins of the fibula; the study was otherwise unremarkable. 
In both patients, °°"Tc radionuclide bone scans were normal 
except for focal increased uptake of the radionuclide in the 
fourth lumbar vertebra and upper left femur in the first 
patient. 

The age at onset of the disease varies from 26 to 80 years; 
25% of patients are younger than 40 years old [1, 2]. It is 
more common in men than in women. All patients have a 
plasma cell dyscrasia that manifests itself as myeloma in more 
than half the patients and as extramedullary plasmacytoma, 
isolated monoclonal gammopathy, or isolated polyclonal gam- 
mopathy in the remainder [2]. The monoclonal gammopathy 
usually is due to lambda light chains. The number of plasma 
cells in the bone marrow is less than 5% in the great majority 
of patients [2]. The treatment, which includes immunosup- 


Fig. 1.—A, Anteroposterior radio- 
graph of pelvis shows large lytic lesion 
with well-defined, lobulated, sclerotic 
margin in left ilium. Spicules of new 
bone can be seen arising from trans- 
verse processes of fifth lumbar verte- 
bra and superior margin of sacrum and 
ilium, and along obturator rings, more 
apparent on left side (arrowheads). 

B, Axial CT section through lower 
dorsal vertebra. New bone formation is 
well observed along posterior elements 
(arrows). Other sections also showed 
new bone arising anteriorly along ver- 
tebral bodies. 


Fig. 2.—56-year-old man who had 
had diabetes for 9 years and peripheral 
neuropathy, tightness of skin of both 
hands, pedal edema, gynecomastia, in- 
creased hair growth, and skin darken- 
ing for 3 years. Serum electrophoresis 
revealed increased M protein level. Ra- 
diograph shows sclerotic fourth lumbar 
vertebra. Spicules of new bone are 
prominent (arrowheads). 


Fig. 3.—42-year-old man with 8-year 
history of peripheral neuropathy, hy- 
perpigmentation, gynecomastia, club- 
bing, and axillary lymphadenopathy. 
There was mild hyperglobulinemia but 
no M protein component on serum elec- 
trophoresis. Radiograph of spine 
shows new bone along posterior ele- 
ments (small arrows). Loss of normal 
smooth concavity of anterior border of 
vertebral bodies is due to irregular 
bony excrescences (large arrows). 
Pantopaque is seen in spinal canal. 


pressive chemotherapy and/or tumoricidal radiotherapy, often 
can produce remarkable results. 

There are several theories on the pathogenesis of this 
syndrome. It has been suggested that the plasma cells may 
secrete a substance, as yet uncharacterized, that is toxic to 
many organs [1, 2]. Reulecke et al. [3] believe that POEMS 
syndrome is an immune disorder in which antibodies against 
the pituitary gland and perhaps also against related structures 
of the hypophyseohypothalamic axis induce secondary en- 
docrinopathy and skin changes. This immunopathogenetic 
mechanism has been supported by others. Analogous to 
patients with AIDS, who frequently have lymphadenopathy, it 
has been hypothesized that an infectious agent (possibly viral) 
cannot be controlled because of immune deficiency, leading 
to its dissemination and generalized lymphadenopathy. This 
may subsequently progress to B cell neoplasia in the form of 
a plasma cell dyscrasia, which in turn is responsible for 
producing the POEMS syndrome [4]. The exact pathogenesis 
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of POEMS syndrome, however, still remain obscure. Patho- 
logic examination of material obtained at biopsy (nerve, skin, 
lymph node, other tissues) and autopsy has failed to reveal 
any specific abnormality. 

Many patients with POEMS syndrome have skeletal abnor- 
malities in the form of nonspecific focal lesions (i.e., myeloma) 
and a subtle but specific pattern of bony proliferation 
[1, 2, 5]. Typically, the focal lesions are distributed primarily 
in the axial and proximal appendicular skeleton and are usually 
sclerotic, infrequently mixed lytic-sclerotic, and rarely purely 
lytic [2]. Osteosclerotic lesions appear as localized solid or 
targetlike areas of increased density. Mixed lytic-sclerotic 
lesions usually have a lytic center and a sclerotic rim. The 
differential diagnosis of localized sclerotic lesions commonly 
includes skeletal metastases; mastocytosis; tuberous scle- 
rosis; and, with a solitary dense vertebral body, Hodgkin 
disease. But, these conditions are clinically distinct from 
POEMS syndrome, and the typical proliferative changes ob- 
served in POEMS syndrome are not observed in any of these 
disorders. However, in atypical cases of POEMS syndrome 
and especially in those not exhibiting the proliferative new 
bone, these conditions would have to be systematically ex- 
cluded by appropriate investigations; biopsy may be required 
if the results are negative. 

It is distinctive that osteosclerosis predominates in this form 
of myeloma, as it is otherwise rare in untreated “classic” 
myeloma. Classic myeloma also differs from POEMS syn- 
drome in that it has a later age of onset; a shorter survival 
time; presenting features are bone pain, anemia, or renal 
failure; and there is 2:1 predominance of kappa light chains 
over lambda light chains [6]. However, osteosclerotic mye- 
loma, a rare variant of myeloma in which the bone lesions are 
sclerotic from the beginning, shares many of the clinical 
features of POEMS syndrome. It has been suggested that 
these two conditions, as well as certain other conditions 
characterized by osteosclerosis in association with plasma 
cell infiltration of bone such as plasma cell granuloma, chronic 
symmetric plasma cell osteomyelitis, and sternoclavicular hy- 
perostosis, may represent an overlapping spectrum with the 
common pathogenetic mechanism of mechanism of an ab- 
normal plasma cell secreting an osteoblast-inducing or osteo- 
clast-inhibiting factor [7]. 

Proliferative osseous changes are the hallmark of the dis- 
ease. These enthesopathic alterations are seen at both axial 
and extraaxial sites, including the apophyseal joints, laminae, 
transverse processes, diskovertebral junctions, costoverte- 
bral joints, obturator rings, upper margins of the ilium and 
sacrum, and along the tibia and fibula [5]. They impart to the 
bone an irregular, spiculated appearance that, while subtle, is 
virtually pathognomonic. 

In two of our patients, both types of lesions were demon- 
strated, whereas only proliferative new bone formation was 
seen in the third. Of all the sites, the dorsolumbar spine 
appears to be involved most strikingly by this new bone. 
Although the new bone is most conspicuous in the posterior 
elements, it is also observed along the vertebral bodies. At 
the latter site, absence of degenerative changes in the spine 
and the relatively young age of the patient point toward its 
nondegenerative nature. Other enthesopathic entities com- 
monly involving the spine, such as diffuse idiopathic skeletal 
hyperostosis, ossification of the posterior longitudinal liga- 


ment, and the seronegative spondyloarthritides (ankylosing 
spondylitis, Reiter syndrome, and psoriatic arthritis), are easily 
distinguished from POEMS syndrome by their different clinical 
features; associated skeletal findings; and the different size, 
site, and extent of new bone formation. In our experience, 
the delicate spicules of new bone arising from the posterior 
vertebral elements are unique to POEMS syndrome. This new 
bone is too subtle to be demonstrated by radionuclide bone 
scanning, and, not surprisingly, the bone scans (obtained in 
two patients) did not show these changes. In contrast, Viard 
et al. [8] noted a diffuse hyperfixation of °™Tc in their patient; 
the significance of this finding is unclear. 

Proliferative new bone formation in this syndrome was first 
documented by Bardwick et al. [1] and its distinctive nature 
emphasized by Resnick et al. [5, 7]. These proliferative 
changes have not been substantiated in subsequent reports, 
until this one. Therefore, it would appear that these findings 
are uncommon, but this may also be a reflection of the lack 
of awareness of these subtle changes. Alternatively, these 
changes may occur only in a particular subtype of POEMS 
syndrome. Whatever the explanation, these changes are spe- 
cific for POEMS syndrome and should serve as a marker in 
its identification. In fact, in one patient bony proliferation was 
the sole radiologic manifestation, emphasizing that prolifera- 
tive changes may occur in the absence of a focal lesion, 
hitherto unreported. Demonstration of these abnormalities on 
either routine radiographs or CT therefore is of major diag- 
nostic importance, especially in patients in whom only a limited 
form of the syndrome is exhibited. 

Most patients with POEMS syndrome have a long history 
of medical problems. Apart from predisposing to complica- 
tions from the underlying abnormalities, a delay in diagnosis 
may also increase the tumor cell burden. It is hoped that 
familiarity with the characteristic skeletal abnormalities ob- 
served in this syndrome may enable a radiologist to make an 
early diagnosis when treatment may effect a more positive 
outcome. 
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Use of MR Imaging to Assess 
Results of Chemotherapy for 
Ewing Sarcoma 


MR imaging was used to monitor the results of initial chemotherapy of primary Ewing 
sarcoma of bone. The signal intensities of the soft-tissue and marrow components of 
the tumor were evaluated on T2-weighted images obtained in 10 patients (nine with 
responsive tumors) at presentation and during and immediately after completion of two 
cycles of chemotherapy. MR evidence of marrow and soft-tissue involvement was seen 
in all tumors at presentation. After treatment, the bone-marrow component of the nine 
drug-sensitive tumors showed an increase in signal intensity that in eight cases became 
comparable to that of water. Changes in signal intensity of the soft-tissue component 
were variable, consisting of increases in two of the responsive lesions, no change in 
three, a decrease in two, and complete resolution of the soft-tissue mass in two. There 
was no increase in signal intensity of either the bone-marrow or the soft-tissue compo- 
nent of the single nonresponsive tumor. All of the responsive tumors showed advanced 
healing, and abundant bony sclerosis was apparent on CT. Bone-marrow examinations, 
performed in seven of the nine patients with responsive lesions, disclosed no evidence 
of tumor in four. Two patients had residual extramedullary tumor; the nonresponsive 
lesion contained sheets of tumor cells. The increase in marrow signal intensity on T2- 
weighted images was associated with replacement of marrow elements by a loose, 
hypocellular myxoid matrix containing modest amounts of collagen, consistent with 
response to chemotherapy and eradication of disease. 

Therefore, an increase in the T2-weighted signal intensity of the bone-marrow com- 
ponent of Ewing sarcoma of bone reflected a favorable response to chemotherapy. MR 
signal changes, however, were not predictive of resolution of malignant disease within 
adjacent soft tissue. 
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Modern clinical management of osseous Ewing sarcoma relies initially on chemo- 
therapy, with later use of irradiation or surgery or both to further contro! local 
tumor. At our institution, surgical resection is reserved for patients with tumors 
that are unresponsive to primary chemotherapy or can be resected with cosmeti- 
Cally and functionally acceptable results. Diagnostic imaging methods are important 
in evaluating the sarcoma’s initial response to chemotherapy, which determines 
the eventual treatment plan. 

MR imaging of Ewing sarcoma is an effective method of depicting the extent of 
the lesion and showing intramedullary tumor, cortical disruption, and adjacent soft- 
tissue involvement [1, 2]. Reports of follow-up investigations with MR imaging have 
emphasized changes associated with radiation or surgical therapy [3, 4]; the effects 
of chemotherapy alone on the signal intensity of tumor have been studied only 
rarely [4, 5]. Because MR imaging appears capable of detecting bone-marrow 
malignancies [6] and because T2-weighted images have been used to predict the 
histologic composition of tumors [7], we investigated changes in MR signal intensity 
associated with chemotherapy on serial imaging studies in 10 consecutive patients 
with osseous Ewing sarcoma. 
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Subjects and Methods 


In 10 consecutive patients 7-21 years old, a total of 28 MR studies 
were performed on biopsy-confirmed primary osseous Ewing sarco- 
mas involving the femur (two patients), fibula (two), radius (two), tibia 
(one), ilium (one), ischium (one), and metatarsal (one). Pulmonary 
metastases were present in one of these patients. In nine patients, 
the initial MR examination was performed within 2 weeks of beginning 
chemotherapy; in one patient the study was performed 3 days after 
chemotherapy was begun and a subsequent study was performed 
during chemotherapy. In all patients except one with drug-sensitive 
tumors, a third MR examination was performed before radiation 
therapy or amputation. One MR examination performed during the 
course of therapy of a responsive lesion was technically unsatisfac- 
tory. Tumor response to chemotherapy was defined as a clinically 
and CT-evident reduction in the bulk of the soft-tissue mass. 

Eight patients received induction chemotherapy with three 5-day 
cycles of ifosfamide with sodium mercaptoethane sulfonate uropro- 
tection and etoposide (VP-16) at 0, 3, and 6 weeks; this was followed 
by three cycles of cyclophosphamide (orally for 7 days) and doxorub- 
icin (day 8) at 9, 12, and 15 weeks according to an institutional 
protocol. MR and contrast-enhanced CT were performed at diagnosis 
(examination 1), after three cycles of ifosfamide/VP-16 (examination 
2), and after completion of induction chemotherapy at 17 weeks and 
before radiation therapy (examination 3). 

In one patient with a small Ewing sarcoma of the fourth metatarsal, 
the lesion was amputated after 11 weeks (five cycles) of chemother- 
apy with cyclophosphamide and doxorubicin only. MR and CT studies 
of the lesion were performed on presentation and before amputation 
at 11 weeks. 

The tumor of the 10th patient, which involved the distal femur, did 
not respond to induction chemotherapy with cyclophosphamide and 
doxorubicin over a period of 11 weeks. Further chemotherapy with 
ifosfamide and VP-16 was administered over a period of 4 weeks 
without demonstrable improvement. Amputation was performed 20 
weeks after presentation. MR and CT studies, performed after the 
first course of chemotherapy at 11 weeks and before amputation at 
20 weeks, showed a slight increase in the transverse dimensions of 
the tumor. 

The MR examinations were performed on a 1.0-T system (Sie- 
mens, Iselin, NJ). Informed consent was obtained from the patients 
or their parents and approval was given by the Clinical Trials Review 
Committee of St. Jude Children’s Research Hospital. Images were 
obtained in transverse and either coronal or sagittal planes. All 
examinations included T1-weighted, 550-750/15-17 (TR/TE), and 
double-echo spin-density and T2-weighted, 2000-2500/35, 90, trans- 
verse images. 

T1-weighted images were used for localization and to evaluate the 
longitudinal extent of the tumor. The tumor signal intensity on T2- 
weighted transverse images was evaluated independently by two 
radiologists without prior knowledge of CT or histologic findings. 
Numeric values were assigned by comparing the predominant inten- 
sity of the tumor with that of normal bone, muscle, and subcutaneous 
tissues or marrow fat and fluid in adjacent tissues, joints, or an 
external water phantom. 

The signals of the marrow and soft-tissue components were scored 
separately according to the following criteria: 5 = intensity equal to 
that of water; 4 = intensity less than water, greater than fat; 3 = 
intensity equal to fat; 2 = intensity less than fat, greater than muscle; 
and 1 = intensity equal to muscle. The numeric results of the two 
evaluators did not vary by more than one point and were averaged. 

Contrast-enhanced CT sections 8 mm wide were obtained on 
presentation and within several days of MR studies by using a 
Siemens DRH scanner. Periosteal formation of new bone and cortical 
thickening were evaluated on images with standardized bone win- 
dows. The degree of healing of the tumor was graded visually from 
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0 to 3, depending on the thickness and density of bone replacing the 
soft-tissue component of the tumor and marrow cavity. A grade of 0 
indicated no sclerosis, 1 indicated partial ossification of the soft-tissue 
component, and 2 indicated complete soft-tissue and partial marrow 
ossification. Tumors with complete bony replacement of the residual 
soft-tissue mass and marrow cavity were assigned a grade of 3. 
Response to chemotherapy was evaluated by noting changes in 
maximal dimensions of the tumor measured on transverse CT images. 

In all nine lesions that responded to chemotherapy, CT scans 
showed a decrease in tumor size, accompanied by endosteal and 
periosteal formation of new bone. All except one of the nine respon- 
sive lesions, which was maximally sclerotic on initial examination, 
showed increased ossification during treatment. The one nonrespon- 
sive tumor remained minimally ossified. There was, however, no 
correlation between extent of bony sclerosis and signal intensity of 
individual tumors. Indeed, some signal was apparent on T2-weighted 
images of heavily ossified soft-tissue remnants. 

Histologic material from seven responsive tumors was available 
after completion of induction chemotherapy, before radiation therapy. 
Tissue was obtained by multiple needle biopsies in five patients, 
resection of the lesion in one, and amputation in one. Two patients, 
in whom biopsy of weight-bearing bones was avoided, were consid- 
ered to have complete responses to therapy on the basis of CT 
evidence of marked cortical sclerosis with no discernible soft-tissue 
mass. 

Microscopic examination of bone-marrow cavities in two patients 
with completely resected tumors and two others with biopsy evidence 
of drug-sensitive tumors indicated a lack of residual malignant involve- 
ment. The marrow spaces in three cases were hypocellular and were 
replaced by watery, myxoid connective tissue containing minimal to 
moderate amounts of collagen fibrils with scattered mast cells. Faint 
outlines of adipocytes could be discerned on close inspection, and in 
some foci the process was reminiscent of serous atrophy of fat (Fig. 
1B). The myxoid tissue extended into the haversian canals of the 
adjacent cortical bone, which showed evidence of active remodeling 
and osteosclerosis. In the biopsy specimens of one patient, there 
was mildly hypocellular hematopoietic marrow and fat without the 
aforementioned changes. Three of the biopsies did not result in 
adequate tissue for microscopic examination. 

Residual tumor and myxoid changes in the periosteum or soft 
tissues were present in two patients (Fig. 1C), no tumor was present 
in the extraosseous tissues of four patients, and an inadequate 
sample was obtained in one. The specimen of the tumor that did not 
respond to chemotherapy contained sheets of tumor cells with areas 
of necrosis. 


Results 


The MR appearance of the Ewing sarcomas before therapy 
was similar to previous descriptions [2, 4, 8]. On T1-weighted 
images, the normally bright fatty marrow cavity was replaced 
by neoplastic tissue of approximately the same intensity as 
normal muscle. During chemotherapy, the soft-tissue com- 
ponent of seven of the nine responsive tumors decreased 
markedly in size, and in two tumors it disappeared completely. 
The residual soft-tissue masses were apparent as dark le- 
sions adjacent to or encircling the bony cortex and limited by 
an outer rim of dark signal consistent with bone. The single 
nonresponsive lesion enlarged slightly. No change in T1- 
weighted signal intensity was apparent in either the respon- 
sive or nonresponsive lesions. 

On the initial T2-weighted images, both the bone-marrow 
and soft-tissue components had an intensity equal to or 
greater than that of fat but less than that of water. The bone- 





Fig. 1.—Drug-sensitive Ewing sarcoma of the proximal fibula in a 12-year-old boy. 
A, T2-weighted transverse MR image obtained after completion of chemotherapy shows intense bone-marrow signal (arrow) with darker surrounding 


soft-tissue component containing some intense tissue. 


B, Histologic section obtained after chemotherapy shows marrow space of tumor-bearing bone replaced by hypocellular, loose myxoid tissue containing 


thin strands of collagen. (H and E, x 130) 


C, Histologic section shows bone fragment containing a small periosteal cluster of tumor cells in periosteum. (H and E, x 130) 











Fig. 2.—Chemotherapy-responsive Ewing sarcoma of the distal fibula in a 12-year-old girl. 
A, T2-weighted transverse MR image obtained at presentation shows slightly greater signal intensity for tumor (T) compared with fat in marrow of tibia, 


but reduced intensity compared with adjacent soft-tissue edema. 


B, CT scan obtained after 9 weeks of chemotherapy shows apparently healed, markedly sclerotic lesion. 
C, Follow-up T2-weighted MR image obtained after 17 weeks of chemotherapy shows increase in brightness of marrow as compared with surrounding 


tissue. 


marrow signal of all nine drug-responsive lesions increased in 
intensity during chemotherapy; in eight cases, this increase 
was maximal, equaling that of water (Figs. 1 and 2). The 
signal from the soft-tissue component also showed an in- 
crease in intensity in two of these tumors, remained the same 
in three, and decreased slightly in two. The soft-tissue mass 
resolved completely in two. In all responsive tumors, reduction 
or resolution of the soft-tissue component on MR images 
accompanied CT evidence of a decreasing, ossifying soft- 
tissue mass. In the one patient whose tumor grew and did 
not appear ossified on CT, no increase in either bone-marrow 
or soft-tissue signal intensity could be discerned; the signal 
remained slightly brighter than that of fat (Fig. 3). 


Discussion 


The features of healing Ewing sarcomas have been evalu- 
ated on radiographs [9] and on CT [10]. As in our patients, 


healed stable lesions were characterized by extensive peri- 
osteal ossification incorporating the soft-tissue component of 
the lesion and by endosteal bone formation encroaching on 
the medullary cavity. More recently, MR has been applied to 
the assessment of healing of these lesions [3-5], but only a 
few patients who have received chemotherapy alone have 
been evaluated. Improved noninvasive methods of determin- 
ing such responses are needed not only because of risks 
associated with repeat biopsy but also because of possible 
prognostic implications of responses to preoperative chemo- 
therapy [11]. In this longitudinal study, we evaluated serial 
T2-weighted MR images obtained on presentation and dur- 
ing and immediatly after chemotherapy for primary Ewing 
sarcomas. 

Our investigation produced two notable findings. The first 
was a consistent increase in T2-weighted signal intensity in 
the bone marrow of tumors that responded to chemotherapy. 


Fig. 3.—Nonresponsive Ewing sarcoma of distal femur in a 16-year-old boy. 








A, T2-weighted transverse MR image shows that intensity of medial condyle tumor (T) is slightly greater than that of fat but not as bright as fluid in 


joint. 


B, T2-weighted MR image obtained after 20 weeks of chemotherapy shows that joint effusion has decreased. Lesion has grown with little change in 


signal. 


C, Photomicrograph of histologic section of tumor obtained after therapy shows abundant viable tumor as well as necrosis. (H and E, x320) 


This increase occurred before administration of radiation ther- 
apy, which is known to produce a high T2-weighted signal 
[3]. The marrow cavities examined histologically were free of 
tumor, and the high signal did not indicate tumor recurrence 
or inflammatory reaction as previously reported in treated 
Ewing sarcomas [4], nor did the intense bone-marrow signal 
represent malignant disease, as has been reported with 
treated osteosarcomas [12]. 

The maximally intense marrow signal that developed in 
three histologically examined tumors in our series is consis- 
tent with the pathologic findings of replacement of marrow 
fat with a watery myxoid material. These chemotherapy- 
induced alterations would be expected to produce bright 
signals on T2-weighted sequences because of the abundant 
water content of tissue [13], in contrast to diminished signal 
observed in other tumors that become hypocellular and fi- 
brotic with treatment [7]. 

A maximal marrow signal was not evident in one tumor in 
which biopsy after chemotherapy showed hypocellular he- 
matopoietic marrow and fat without myxoid tissue and cyto- 
plasmic changes. The lack of a signal increase in the marrow 
component of the one nonresponsive tumor in our series is 
provocative, but the value of this finding as an indicator of 
failure of therapy requires further evaluation of larger numbers 
of similar lesions. 

A second, unexpected result was the usually weaker but 
persistent signal in the shrunken, frequently well-ossified, 
soft-tissue component of the responsive lesions. Progressive 
ossification of the periosteal soft-tissue mass is a predictable 
change during healing of these tumors [9]. The presence of 
signal in the markedly sclerotic areas of the treated lesions 
attests to the exceptional sensitivity of MR in detecting minor 
amounts of nonossified tissue, which in our series occurred 
in the two lesions with persistent tumor as well as those with 
no residual neoplastic cells. Although MR imaging is incapable 
of detecting microscopic groups of residual tumor cells, our 
study indicates that increases in signal intensity on T2- 
weighted images of the bone-marrow component of Ewing 
sarcomas reflect favorable responses to chemotherapy. We 


also found that tumor may reside in surrounding tissues that 
appear healed on CT scans. 
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Renal Involvement in Children with 
Lymphoma: Comparison of CT with 
Sonography 


In order to determine whether real-time sonography or contrast-enhanced CT was 
better for detecting renal involvement by lymphoma in children, we retrospectively 
studied 44 patients (6 months to 19 years of age) in whom lymphoma was diagnosed at 
our hospital during a 5-year period. In no patient was there any clinical evidence of renal 
disease at the time of presentation. In 39 patients, sonographic and CT findings were 
similar (normal in 36 patients and showing extrinsic mass effects on the kidneys in three 
patients). In five patients with non-Hodgkin lymphoma whose contrast-enhanced CT 
scans showed low-attenuation renal nodules, renal sonography was normal in two, 
showed renal enlargement in two, and showed a solitary hypoechoic nodule in one 
patient with multiple, bilateral nodules on CT. Tissue diagnosis of the renal lesions was 
not obtained, but in the four patients who had follow-up CT, the renal abnormalities 
resolved after chemotherapy. 

Our findings suggest that contrast-enhanced CT is superior to sonography for detec- 
tion of renal lymphoma in children. 


AJR 155:347-349, August 1990 


We recently examined a patient with lymphoma whose staging abdominal CT 
and sonographic findings were in disagreement. Contrast-enhanced CT showed 
multiple hypodense renal nodules whereas sonographic findings were normal. This 
contradicts earlier reports that lymphomatous renal lesions detected by CT are 
also visible on sonography [1, 2]. We therefore undertook this retrospective study 
to compare CT and sonographic findings in kidneys of pediatric patients with 
lymphoma. 


Materials and Methods 


A retrospective review of medical records showed that 93 new patients with lymphoma 
were seen at our hospital between January 1983 and November 1988. Forty-four of the 
patients had both abdominal sonography and CT as part of their initial staging examination 
at our hospital before initiation of chemotherapy. These 44 patients formed our study group. 

There were 12 females and 32 males. Mean age at presentation was 10.9 years (range, 6 
months to 19 years). Nine patients had Hodgkin disease and 35 had non-Hodgkin lymphoma. 
Twenty-two patients had axillary or cervical lymphadenopathy. Nine had respiratory symp- 
toms, and nine had symptoms relating to an abdominal mass. In no patient was there any 
Clinical evidence of renal disease (including renal lymphoma). 

Sonographic examinations were performed with an ATL 300I (Advanced Technology 
Laboratories, Bothell, WA) or Acuson 128 (Acuson, Mountain View, CA). An experienced 
pediatric sonographer and pediatric radiologist participated in all sonographic examinations. 
Thirty-nine CT studies were performed with a Picker 1200 (Picker International, Highland 
Heights, OH) and five were done with a Picker 600. All CT examinations used bolus injection 
of iodinated contrast material (meglumine diatrizoate [Hypaque meglumine 60%, Winthrop 
Pharmaceuticals, New York, NY] or iohexol [Omnipaque 300, Winthrop]}) in a dose of 2 ml/ 
kg up to a maximum of 100 ml. 


The medical records and radiologic studies of the 44 patients were 
reviewed jointly by two of the authors. The hard-copy images from 
the CT and sonographic examinations and the written reports of 
those studies were reviewed. Renal length was measured and any 
abnormality of renal shape, position, or parenchyma seen on the CT 
scans and sonograms was noted. 

Tissue diagnosis of the renal lesions was not obtained, but in the 
four patients who had follow-up CT (three at 2 months and one at 8 
months), the renal nodules disappeared after chemotherapy. 


Results 


In 39 patients, CT and sonographic findings were similar: 
36 patients had normal findings, and in three patients with 
non-Hodgkin lymphoma, both CT and sonography showed 
extrinsic effects on the kidneys (either displacement or hydro- 
nephrosis) due to adjacent retroperitoneal or mesenteric 
mass. 

In five patients with non-Hodgkin lymphoma, sonography 
missed or underestimated renal involvement. In two patients, 
sonographic findings were normal, yet contrast-enhanced CT 
revealed multiple bilateral renal nodules in one patient (Fig. 1) 
and a single right renal nodule in the other. Two patients had 
enlarged kidneys on sonography, whereas CT showed mul- 
tiple renal nodules (Fig. 2). In one patient, sonography showed 
a single nodule and CT showed multiple bilateral nodules. In 
all but the last patient, the sonograms were obtained after 
the CT scans, but even with the knowledge that nodules 
were visible on CT, no parenchymal abnormality was seen on 
sonography. 





Discussion 


Although primary renal lymphoma is rare [3], lymphomatous 
lesions of the kidneys are not uncommon in children with 
nonrenal primary tumors [4, 5]. Such involvement usually 
produces no symptoms but may be discovered during the 
staging evaluation for generalized disease [6]. Rarely, 
lymphomatous infiltration of the kidneys may lead to renal 
failure [7]. 

In our study, five (11%) of 44 children had radiologic evi- 
dence for renal involvement by lymphoma at time of presen- 
tation. Studies of adults with lymphoma report that renal foci 
may be found in about 5% of patients at presentation [2, 8], 
almost all of whom have non-Hodgkin lymphoma. The prev- 
alence of renal involvement at autopsy is higher: in one study, 
33.5% of 696 patients were affected [4]. 

Hartman et al. [5] provided superb radiologic-pathologic 
correlation of the ways in which the kidney is affected by 
lymphoma. Both CT and sonography can show contiguous 
involvement of the kidneys or diffuse renal enlargement [9- 
11]. On contrast-enhanced CT scans, the lymphomatous 
nodules are hypodense relative to normal renal tissue [2, 6, 
8, 10]; on sonograms, the renal nodules are usually hypoech- 
oic [1, 2, 11, 12] or anechoic [11-13] (most likely reflecting 
older sonographic imaging equipment) and rarely hyperechoic 
[1, 14]. 

Unlike earlier reports, which suggest that lesions detected 
by CT are visible on sonography [1, 2], in five of our patients, 
sonography either missed or underestimated the extent of 
renal disease. In a study of pediatric patients with Burkitt 
lymphoma, Fernbach and Glass [9] reported one patient who 


Fig. 1.— 11-year-old boy with cervical and ax- 
illary lymphadenopathy and anterior mediastinal 
mass on chest radiograph. Diagnosis was non- 
Hodgkin lymphoma. 

A and B, Two axial images from staging con- 
trast-enhanced CT. Note multiple bilateral hypo- 
dense renal nodules. 

C and D, Longitudinal and axial sonograms of 
right kidney obtained 2 days after CT. Despite 
knowledge of renal abnormality that was shown 
on CT, no renal nodules could be identified on 
real-time sonography. (Photographic reproduc- 
tion has exaggerated contrast compared with 
the original transparency images.) 
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Fig. 2.— 13-year-old boy with cervical lymphadenopathy. Diagnosis was non-Hodgkin lymphoma. 
A and B, Longitudinal and axial sonograms of right kidney from staging sonography. Kidney is enlarged (length, 11.5 cm) but no nodule is apparent. 
C, Contrast-enhanced axial CT scan from staging CT obtained same day as sonogram. Note multiple hypodense nodules. Location corresponds to B. 


had nodular renal disease shown on CT that appeared as 
renal enlargement on sonography. Our results take this one 
step further—even in the absence of enlarged kidneys on 
sonography, CT may show multiple foci of disease. 

Although we have no pathologic proof, we think that the 
hypodense renal nodules on contrast-enhanced CT scans 
seen in our patients at presentation represented renal involve- 
ment by lymphoma, because (1) none of the patients had 
clinical or laboratory evidence of genitourinary infection and 
(2) in the four patients who had follow-up CT, the renal 
abnormalities resolved after chemotherapy. We are not cer- 
tain why the sonographic and CT findings are discordant, but 
it seems likely that the superiority of CT depends at least in 
part on the lack of contrast filtration by lymphomatous regions 
of kidneys, and the lack of conspicuity of lesions by sonog- 
raphy means that their acoustic impedance is similar to that 
of normal renal tissue. 

Detection of renal involvement by lymphoma may have 
important implications regarding staging and treatment. In 
Hodgkin lymphoma, patients with localized disease are usu- 
ally treated with radiation therapy whereas patients with 
generalized disease receive chemotherapy [15]. In addition, 
a staging laparotomy may be obviated if generalized disease 
is diagnosed by imaging studies [16]. In non-Hodgkin lym- 
phoma, the extent of disease is crucial to treatment planning 
and follow-up [17]. For example, in the nonlymphoblastic 
group of non-Hodgkin lymphoma patients, localized vs gen- 
eralized disease means the difference between 6 and 18 
months of initial chemotherapy [18]. Furthermore, detection 
of renal involvement after a course of treatment may indicate 
relapse or failure of initial therapy. New findings may lead to 
institution of a different therapeutic regimen [8]. 

Renal involvement appears to be less common with Hodg- 
kin lymphoma than with non-Hodgkin lymphoma, although 
the radiologic findings are similar [2, 4, 6, 8, 11]. As the nine 
patients with Hodgkin disease that we studied had normal 
findings on renal CT and sonography, we can only speculate 
that what we found with non-Hodgkin lymphoma might hold 
true for Hodgkin disease as well. 

We conclude that contrast-enhanced CT is superior to 
sonography for detection of renal involvement by non-Hodg- 


kin lymphoma in children, and we recommend CT over so- 
nography in those instances where such detection would 
make a difference in the treatment of the patient. 
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Book Review 


Turner Syndrome. Edited by Ron G. Rosenfeld and Melvin M. Grumbach. New York: Mercel Dekker, 552 pp., 


1990. $150 


This book is an up-to-date, state-of-the-art review of the vast 
amount of information that has accumulated on Turner syndrome 
over the past five decades. It is a collation of the 41 scientific papers 
presented at the 1st International Turner Syndrome Symposium, 
sponsored by Genentech, Inc., and held in San Francisco in 1988 on 
the 50th anniversary of the initial report by Henry Turner. The 75 
authors of the papers and the symposium participants, in general, 
hail from such widely different disciplines as genetics, endocrinology, 
pediatrics, medicine, obstetrics and gynecology, radiology, physiol- 
ogy, pathology, biochemistry, orthopedics, and clinical psychology, 
and most enjoy national and international prominence. Because of 
the scope and depth of coverage of the subject, | had to enlist the 
assistance of Cyril Abrams, a pediatric endocrinologist, for this review. 

The book opens with Turner's original description, “A Syndrome 
of Infantilism, Congenital Webbed Neck and Cubitus Valgus,” re- 
printed from the November 1938 issue of Endocrinology. The text is 
divided then into five parts or sections. Part 1 (seven chapters and 
90 pages) deals with the genetic and chromosomal aspects of Turner 
syndrome. Topics discussed include X-Y chromosome interrelation- 
ships in the determination of gonadal sex, gene mapping, mecha- 
nisms leading to the Turner phenotype, the use of DNA probes in the 
analysis of sex chromosome abnormalities, phenotype-karyotype 
correlations, and mechanisms involved in testicular and ovarian or- 
ganogenesis. 

Part 2 (nine chapters and 130 pages) begins with a chapter on the 
demographics and prevalence of Turner syndrome and then goes on 
in subsequent chapters to review such topics as prenatal diagnosis, 
fetal loss, in vitro fertilization and ovum donation, spontaneous pu- 
berty and fertility, growth, final height, physical and other associated 
abnormalities (renal, cardiovascular), and autoimmunity. Of particular 
interest to the radiologist is the section on prenatal diagnosis and 
associated abnormalities of the syndrome, including the use of echo- 
cardiography and MR imaging in showing aortic root abnormalities 
(bicuspid aortic valve or dilatation of the aortic root). 

Part 3 (10 chapters and 113 pages) discusses the overall problem 
of growth retardation and addresses the question of whether the 


short stature is due to a skeletal defect or a hormone deficiency or 
both. In this section, the attention of the radiologist will be captured 
by two excellent chapters, 23 and 24, which are devoted to skeletal 
abnormalities and skeletal demineralization in Turner syndrome. In 
chapter 23, characteristics of the anomalies of the skull, first cervical 
vertebral body, maxillary and mandibular arches, spine, sternum, and 
extremities are reviewed. Illustrative radiographs are reproduced, 
but, unfortunately, their quality is only fair. In chapter 24, quantification 
of bone mineral content by using single-beam photon absorptiometry, 
with iodine-125 as the source of the photon, is discussed in some 
detail, and the findings from five separate studies are summarized in 
a table. These studies found a decrease in bone mineral content in 
Turner syndrome in patients ranging in age from 8 to 57 years. Dual- 
beam photon absorptiometry is used to measure the content in 
vertebrae, and preliminary data from these measurements suggest 
that the deficiency in lumbar bone mass seen in adult women with 
Turner syndrome begins during adolescence and not in childhood. 
The data are well illustrated graphically. 

Part 4 (nine chapters and 109 pages) is devoted to the endocrine 
treatment of Turner syndrome. Part 5 (63 pages) deals with the 
intellectual and psychosocial development of girls and women with 
Turner syndrome. 

This book is packed with detailed information on Turner syndrome 
and is well illustrated with tables, graphs, and figures. It will have 
particular appeal for the geneticist and the endocrinologist but should 
also be of interest to other specialists involved in the diagnostic 
evaluation and management of patients who have Turner syndrome. 
Radiologists interested in genetic disorders and syndromes also may 
find the book valuable, but | seriously doubt that it will attract much 
interest on the part of the general radiologist. 
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Evaluation of Children for Liver 
Transplantation: Value of MR Imaging 
and Sonography 


Diagnostic imaging plays a major role in the diagnosis and treatment of chronic liver 
disease in children. Decisions regarding the need for sclerotherapy, palliative shunts, 
and anatomic suitability for hepatic transplantation are based on the upper abdominal 
anatomy. Thirty-six children with various forms of chronic liver disease were referred 
for diagnostic imaging, including MR and sonography. Each study was evaluated 
independently without knowledge of the other examination. The first six patients were 
evaluated retrospectively and the last 30 patients prospectively. The size of the portal 
vein and inferior vena cava varied in this population, with excellent agreement between 
sonography and MR. A 2-mm portal vein was shown only on MR imaging in two patients, 
but MR missed a 3-mm portal vein. Portosystemic collateral vessels also were evaluated 
and noted to be detected more readily with MR imaging (64%) than with sonography 
(22%). In particular, paraumbilical veins were detected more often with MR (28% vs 6% 
by sonography). Associated or coexisting anomalies were relatively common in children 
with chronic liver disease (14%). These included polysplenia (two cases), preduodenal 
portal vein (one), unilateral dysplastic kidneys (two), ureteropelvic junction obstruction 
(one), and splenic (one) and renal (one) cysts. 

MR imaging was more sensitive than sonography for detection of abnormal anatomy 
in this group of patients and should be considered the pretransplantation imaging 
technique of choice in children with end-stage liver disease. 


AJR 155:351-356, August 1990 


The advent and refinement of liver transplantation techniques has resulted in a 
substantial increase in the number of transplants performed. The paucity of donors 
has made careful selection of recipient candidates a crucial process. This process 
is undertaken by using a variety of imaging techniques. The major goal of pretrans- 
plantation imaging is to detect abnormalities that would preclude successful trans- 
plantation or necessitate modification of the standard surgical approach. In those 
patients with chronic end-stage liver disease who are treated medically, imaging 
may assist the hepatologist in answering basic questions: (1) Are varices present 
and what is the extent? (2) Are unsuspected tumors present? (3) How diffuse is 
the liver parenchymal disease? (4) Is the patient anatomically suitable for hepatic 
transplantation? 

MR imaging has been used to evaluate portal venous anatomy [1-5]. In pro- 
spective liver transplant recipients, however, sonography has been considered the 
primary screening procedure [1, 6-8]. In our early experience with MR imaging in 
patients with end-stage liver disease, we demonstrated findings that were not 
previously documented by sonography. After several examinations were performed 
we elected to study the final group (n = 30) of patients prospectively, to evaluate 
whether MR imaging would add information to the sonographic examination. The 
purpose of this study was twofold: (1) to characterize, with MR imaging and 
sonography, the abnormalities detected in children with end-stage liver disease 
and (2) to compare the two imaging techniques with regard to their ability to assess 
upper abdominal anatomy. 


352 BISSET ET AL. 


Subjects and Methods 


Thirty-six consecutive children with irreversible, chronic liver dis- 
ease were referred for an imaging examination, which included MR 
and sonography, before possible transplantation. No other imaging 
studies were undertaken. All MR and sonographic examinations were 
performed between 1987 and 1989. The patients ranged in age from 
1 month to 19 years at the initial examination (mean age, 5 years). 
Fifteen patients were male and 21 were female. Data were evaluated 
retrospectively in the first six patients and prospectively in the last 
30. 

All patients had biopsy-proved diagnoses. Diagnoses included 
extrahepatic biliary atresia (13 patients); alpha,-antitrypsin deficiency 
(five patients); chronic active hepatitis (three patients); idiopathic 
neonatal hepatitis (three patients); inborn errors in bile acid metabo- 
lism (two patients); congenital hepatic fibrosis (two patients); crypto- 
genic cirrhosis (two patients); and isolated cases of posthepatitic 
cirrhosis, tyrosinemia, mitochondrial metabolic disorder, Wilson dis- 
ease, perinatal hemochromatosis, and obstructive disease caused by 
a choledochal cyst. MR imaging and sonography were performed 
within 2 months of one another. This interval was considered ac- 
ceptable in patients with end-stage liver disease, since little further 
anatomic change would be anticipated. The two studies were evalu- 
ated separately by two pediatric radiologists, each blinded to the 
results of the other examinations. No patients had clinical evidence 
of acute biliary tract disease (i.e., cholangitis, cholecystitis) at the time 
of study. Factors evaluated included (1) portal vein size and flow, (2) 
inferior vena cava patency, (3) presence and extent of portosystemic 
collateral vessels, (4) gallbladder size, (5) presence of ascites, (6) 
extent of hepatic parenchymal abnormalities, (7) systemic venous 
anomalies, (8) biliary obstructive pattern, and (9) presence of hepatic 
tumors. Pathologic correlation was available in 16 patients who had 
undergone liver transplantation, three of whom have died. Any dis- 
cordance between operative findings and imaging evaluation were 
noted, after review of the operative or autopsy reports. Two children 
died while awaiting transplantation. One child has undergone sple- 
norenal shunting, and 17 patients are awaiting possible transplanta- 
tion or have had transplantation deferred. 





Fig. 1.—Transaxial spin-density-weighted MR 
image (SE 2000/20) through porta hepatis in a 
child with biliary atresia shows tiny portal vein 
(arrowhead) immediately posterior to gallbladder 
(arrow). This portal vein was not identified on 
sonography. 
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Sonographic examination was performed with an Acuson 128 
(Mountain View, CA) or ATL Mark VIII (Advanced Technology Labo- 
ratories, Bothell, WA) system. Real-time sector images and Doppler 
images were obtained with a 3.0- or 5.0-MHz transducer with variable 
focal zones depending on patient size. The portal vein diameter was 
measured in the porta hepatis. The direction of portal venous flow 
was determined by using spectral analysis and color flow analysis. 
The hepatic artery was scanned where it crossed the portal vein near 
the porta hepatis. 

Twenty-one patients also had Doppler examinations of the portal 
vein in an attempt to characterize the direction of portal vein flow. 
These patients were randomly selected, at the discretion of the 
sonographer. 

MR examinations were performed on a General Electric 1.5-T 
Signa unit. Initial coronal localizing scans were obtained with a spin- 
echo (SE) 600/20 (TR/TE) pulse sequence. A 256 x 128 matrix was 
acquired with two signal averages. The second pulse sequence used 
a TR of 2000 msec and TE of 20 and 80 msec. A 256 x 128 or 256 
x 192 matrix was acquired, with two signal averages, in the axial 
plane. In the older children, when breath-holding was possible, a final 
gradient-recalled acquisition 30/12, with a flip angle of 25 degrees, 
was obtained. Gradient moment nulling was used with this sequence 
to diminish flow artifact. Axial images were acquired by using a 256 
x 128 matrix with two signal averages. This sequence was used to 
characterize flow patterns and to distinguish large varices from air- 
filled bowel. 

Sedation was required for MR examinations in patients younger 
than 7 years old. In those younger than 2 years old, chloral hydrate 
(75-100 mg/kg) was used as an oral agent. Children between 2 and 
7 years old were sedated with IV medication (sodium pentobarbital 
and fentanyl citrate) as described previously [9]. In an attempt to 
minimize peristaltic bowel motion artifact, 0.5-1.0 mg of glucagon 
was administered subcutaneously or IV in each patient. 


Results 


Portal vein size varied with patient age, body weight, and 
diagnosis. The sonographic and MR measurements of portal 





Fig. 2.—A, Transaxial spin-density-weighted MR image (SE 2000/20) through porta hepatis in a 
child with biliary atresia shows tiny linear area of signal void (arrowhead). This represents a tiny 
portal vein. Other findings of chronic liver disease include small left hepatic lobe (LL) and dilated 
portosystemic collateral vessel (arrow). 

B, Tiny portal vein was not identified prospectively on transaxial sonogram through same area. In 
retrospect, this vein is identified (arrowhead) just anterior to inferior vena cava (IVC). Large 
portosystemic collateral vessel is noted (arrow). 
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vein size were within 2 mm of one another. The largest portal 
vein measured 1.6 cm in diameter. The smallest identifiable 
portal vein was 2 mm in diameter. In two children, in whom 
no identifiable portal vein was shown by sonography, 2-mm 
portal veins were seen on MR imaging (Figs. 1 and 2). In both 
cases, a portal vein diameter of 2 mm was documented at 
the time of transplantation. In two children, no portal vein was 
detectable by sonography or MR. At exploration, a small (3- 
mm) portal vein was isolated in one child; the second child is 
awaiting surgery. 

Portal vein flow patterns were evaluated by Doppler ex- 
amination in 21 patients. This examination showed hepato- 
pedal flow in 15 patients, bidirectional flow in two patients, 
and hepatofugal flow in one patient. In three children, this 
examination was unsuccessful, because no portal vein was 
identified. Instead of flow void, MR signal was identified in 
four (11%) of 36 patients on asymmetric first- and/or second- 
echo images (Fig. 3). This was presumed to be due to slow 
blood flow. 

In 35 of 36 patients, patent inferior vena cavae were dem- 
onstrated by MR imaging and sonography. In each patient, 
measurements by both techniques were within 2 mm of one 
another. In one patient there was an absence of the intrahe- 
patic portion of the inferior vena cava with azygos continua- 
tion. Although this finding was readily detected by MR, the 
sonographic examination was inconclusive as to the exact 
nature of the intrahepatic venous drainage (Fig. 4). 

Portosystemic collateral vessels were identified in 23 (64%) 
of 36 patients on MR imaging and in eight (22%) of 36 patients 
on sonography (Figs. 5-7). Locations of varices included distal 
esophageal, gastric, retroperitoneal, splenic hilar, epidural, 
and perioportal regions. Paraumbilical veins were seen in 10 
patients on MR imaging and in two patients on sonography 
(Fig. 8). 

The gallbladder was absent in 12 of 13 patients with biliary 
atresia and was small in the remaining patient with this 
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disease. There was agreement between sonography and MR 
imaging in each case. In the patients without biliary atresia, 
sonography showed normal to slightly dilated gallbladders. In 
one child with chronic active hepatitis, a gallbladder was not 
clearly identified by MR imaging. 

Ascites was identified by one or both imaging techniques 
in 14 (39%) of 36 patients. In three children, the sonographic 
examination showed a small amount of ascites that was not 
seen on MR images. Seven patients had MR evidence of 
ascites or hepatic pericapsular fluid collections, with normal 
sonographic examinations. Both techniques showed ascites 
in four patients. 

Liver parenchyma was assessed on the basis of echogen- 
icity on sonography. Increased echogenicity was judged by 
comparison with renal cortex and examination of periportal 
echo patterns. MR evaluation of the liver parenchyma was 
based on multifocal or diffusely abnormal hepatic signal inten- 
sity, as compared with the spleen on T1- and T2-weighted 
images, and/or the presence of low-signal-intensity fibrous 
septa. In 31 (86%) of 36 patients abnormal parenchyma was 
seen on sonograms, and in seven (19%) of 36 patients 
abnormal signal was seen on MR images. When configura- 
tional changes of the liver (macronodules, large caudate lobe, 
hepatomegaly, small left lobe) were considered to indicate 
parenchymal abnormalities, 30 (83%) of 36 children were 
deemed abnormal (Fig. 9). 

Spleen size could be characterized on both MR images and 
sonograms. In the children who were able to hold their breath 
(those older than 7 years), gradient-refocused imaging pro- 
vided additional information in the spleen. Of 11 children 
scanned with this technique, focal low-signal-intensity 
rounded lesions in the splenic parenchyma were seen in five 
(45%). None of these presumed siderotic nodules were visible 
on sonography. 

In only one child (with congenital hepatic fibrosis with Caroli 
disease) was there dilatation of the biliary tract. Both sonog- 





Fig. 4.—A, Coronal T1-weighted MR image (SE 600/20) through upper abdomen in an infant with 
biliary atresia. Infrahepatic vena cava (arrowhead) is directly connected to azygos vein (Az). Aorta 
(Ao) is positioned to left. 

B, Transaxial T1-weighted MR image (SE 600/20) through upper abdomen. Note midline position 
of liver and portal vein (arrowhead). Stomach (St) is positioned on right side immediately anterior to 
right-sided spleen (Sp). Dilated azygos vein (Az) is posterior to right crus. 


Fig. 3.—Transaxial spin-density-weighted MR 
image (SE 2000/20) through junction of splenic 
and portal veins. Increased signal intensity (arrow- 
head) within structures indicates slow blood flow. 
Also noted is a markedly enlarged spleen (Sp). 
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Fig. 5.—Transaxial T1-weighted MR image (SE 
600/15) through upper abdomen in a 9-year-old 
child with biliary atresia. Extensive esophageal 
varices (arrowheads) appear as rounded areas of 
signal void. 
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Fig. 6.—A, Transaxial spin-density-weighted MR image (SE 2000/20) through upper abdomen in 
a 16-year-old girl with chronic active hepatitis. Large portosystemic collateral vessel is identified 
immediately posterior to left lobe of liver (arrowhead). This most likely represents a markedly dilated 
coronary vein. Note coarse fibrous strands extending through hepatic parenchyma (arrows). 

B, Gradient-echo image (30/12/25° flip angle) through same location shows vascular nature of 


large portosystemic collateral vessel (high signal intensity). Siderotic nodules are identified as 
rounded, low-signal-intensity foci within spleen (arrow). 





Fig. 7.—A, Transverse sonogram through upper abdomen in a patient with biliary obstructive 
disease due to previous choledochal cyst. Several retroperitoneal collateral vessels are identified 
(arrowheads) and verified by Doppler studies. 

B, Corresponding transaxial spin-density-weighted MR image (SE 2000/20) shows extent of 
retroperitoneal portosystemic collateral vessels (arrowheads). 


raphy and MR imaging showed biliary tract dilatation in this 
case. 

Associated anomalies in this group of patients included 
polysplenia (two patients), preduodenal portal vein (one pa- 
tient), unilateral dysplastic kidneys (two patients), right ure- 
teropelvic junction obstruction (one patient), right renal cyst 
(one patient), and splenic cyst (one patient). Each of the 
anomalies was identified by MR imaging. Sonography failed 
to detect the preduodenal portal vein (Fig. 10). In one patient 
with polysplenia and biliary atresia, a multilobed spleen was 
detected posterior to the stomach on MR (Fig. 11). The spleen 


Fig. 8.—Transaxial spin-density-weighted MR 
image (SE 2000/20) through upper abdomen in a 
1-year-old child with biliary atresia shows area of 
signal void corresponding to patent paraumbilical 
vein (arrowhead). Liver appears small and shows 
diffuse high signal intensity, consistent with fatty 
infiltration. Note marked ascites (arrows). 


was not recognized behind the distended stomach on sonog- 
raphy. 


Discussion 


Imaging children with chronic liver disease plays a major 
role in diagnosis and treatment. From information obtained, 
more reliable decisions can be made concerning long-term 
medical therapy and possible liver transplantation. Several 
reports have addressed the appropriate radiologic investiga- 
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Fig. 9.—Transaxial spin-density weighted MR 
image (SE 2000/20) through upper abdomen in 
a 12-year-old child with biliary atresia shows 
macronodular changes in liver associated with a 
small left lobe (LL). Spleen (Sp) is moderately 
enlarged. 


tion of adult patients with chronic liver disease [1 , 2]; however, 
little information is available in children [3]. Additionally, few 
studies have compared the efficacy of the various imaging 
techniques. Few data are available regarding MR imaging in 
this group of patients [10]. Although the imaging information 
in children may not differ greatly from that in adults, surgical 
therapy in adults, in the form of transplantation, is less often 
considered a therapeutic alternative. 

Sonography has generally been considered the primary 
screening technique in this patient population. In this study, 
sonography and MR imaging were concordant in most portal 
vein assessments. MR imaging, however, showed small por- 
tal veins in two patients in whom sonography was false 
negative. Additionally, both MR imaging and sonography 
failed to show one surgically demonstrable small portal vein. 
These preliminary findings indicate that MR imaging should 
be performed in patients when the portal vein is not identified 
sonographically, before the patient is excluded as a trans- 
plantation candidate. If no portal vein is identified on MR 
imaging, angiography should be considered. Additional stud- 
ies are needed to evaluate this problem further. A lower limit 
of portal vein size has not been a contraindication to trans- 
plantation as long as potential reconstruction could be 
planned (Ryckman FC, personal communication). 

The usefulness of duplex scanning of the portal vein in 
patients with portal hypertension and portal venous throm- 
bosis has been well documented [6]. In a previous report by 
Torres et al. [5], MR imaging was believed to be accurate for 
assessing portal vein thrombosis; however, when compared 
with angiography, MR imaging was not useful for character- 
izing portal venous flow rates. 

The low prevalence of portal vein flow anomalies in this 
group of patients is not surprising. Portal flow is usually well 
maintained until portal hypertension becomes severe. The 





Fig. 10.—Transaxial spin-density weighted MR 
image (SE 2000/20) through midportion of liver in a 
child with a preduodenal portal vein (arrowhead). 
Note extensive gastric fundal varices (arrow). 
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Fig. 11.—Transaxial T1-weighted MR image 
(SE 600/15) through upper abdomen in a child 
with biliary atresia. A multilobed spleen (arrow- 
heads) is positioned immediately behind a 
right-sided stomach (St). At the time of sonog- 
raphy, multilobed spleen was not identified; 
child was crying and stomach was distended 
with air. Note interruption of infrahepatic infe- 
rior vena cava (arrow). 


decreased flow velocity is compensated by portal vein dila- 
tation, resulting in a net overall maintenance of flow volume 
[11]. 

The size and patency of the inferior vena cava was deter- 
mined by sonography in nearly every case; the exception was 
a child with intrahepatic interruption and azygos continuation. 
This compares with a sonographic accuracy rate of only 80% 
reported by Cardella and Amplatz [12]. In the patient with 
intrahepatic interruption of the inferior vena cava, MR imaging 
clearly showed the retroperitoneal location of the dilated 
azygos vein, posterior to a gas-filled stomach. MR imaging in 
this situation obviates the difficulties encountered during so- 
nography with bowel gas in the upper abdomen. 

Portosystemic collateral vessels were present in the major- 
ity of children with end-stage liver disease. Identification of 
significant collaterals is important in long-term treatment of 
these patients. Prophylactic sclerotherapy may “buy time” 
before transplantation and may prevent life-threatening hem- 
orrhage in children with large gastric or esophageal varices. 
Fewer collateral vessels were detected with sonography than 
with MR imaging (22% vs 64%, respectively). Limiting factors, 
such as obesity, intestinal gas, and massive ascites occasion- 
ally contributed to difficulties encountered with sonography. 
Previous reports also have indicated that MR imaging appears 
to be superior to sonography in the detection of the extent of 
varices [13]. 

The frequency of detection of coronary veins with sonog- 
raphy in comparison with portography was 85% in a study 
by Dokmeciet al. [14]. In our study, the majority of undetected 
collaterals (with sonography) were in the splenic hilum (retro- 
gastric) or in the gastric fundus or distal esophagus. 

Patent umbilical (or paraumbilical) veins are a highly specific 
finding for portal hypertension [15, 16]. These veins were 
noted in 28% of these children with chronic liver disease. MR 
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was more sensitive than sonography in demonstrating these 
vessels. In the eight patients in whom umbilical veins were 
shown by MR imaging and not by sonography, limiting factors 
included four previous Kasai procedures (with anteriorly po- 
sitioned bowel loops), ascites (one patient), and small (<2 
mm) vein size (four patients). It should be noted that the 
inferiority of sonography in this respect may have been op- 
erator dependent. If the patent umbilical vein was not specif- 
ically sought, it may have gone undetected. 

MR imaging affords some advantage over sonography in 
the evaluation of liver and spleen size. Although qualitative 
judgments concerning liver and spleen size were made with 
sonography, the exact measurement was difficult to assess. 
The limited acoustic window accessed by sector-type scan- 
ning is relatively inaccurate in providing direct measurement 
of large organs, and currently B-mode scanning is performed 
infrequently. In contradistinction, MR imaging permitted direct 
measurement of craniocaudal, anteroposterior, and right-to- 
left diameters of liver and spleen. Although these measure- 
ments are of uncertain value, they may be beneficial in follow- 
ing progress of disease and may be important in planning 
segmental liver transplantations in smaller patients who are 
receiving partial adult livers. 

In evaluating the spleen, MR imaging provided additional 
information concerning portal hypertension that was not avail- 
able by sonographic examination. The presence of siderotic 
Gamna-Gandy nodules within the splenic parenchyma is an- 
other indicator of portal hypertension [17, 18]. Although these 
dense hemosiderin deposits were recognized readily on the 
fast-scan MR series, they were not seen prospectively or 
retrospectively on the sonographic examinations. Duplex so- 
nography did define the direction of portal venous flow infor- 
mation not available from MR imaging. 

Associated anomalies were relatively common (14%) in 
these children. It is noteworthy that each of the anomalies 
detected was in the subgroup of patients with biliary atresia. 
This is a recognized phenomenon, with previous reports 
stating a prevalence of congenital anomalies of 10% in extra- 
hepatic biliary atresia [19, 20]. MR imaging and sonography 
detected most of the anomalies, although in one of the 
patients with polysplenia sonography failed to detect the 
small, multilobed spleen situated posterior to the dextroposi- 
tioned stomach. 

MR imaging proved superior to sonography in the identifi- 
cation of portal veins, portosystemic collaterals, intrahepatic 
venous drainage, paraumbilical portal veins, and siderotic 
nodules of the spleen. We believe that MR imaging should be 
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considered the pretransplantation imaging technique of 
choice. 
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Case Report 


Corticosteroid Pretreatment for Potential Contrast 
Reactions in Children with Lymphoreticular Cancer: 


A Word of Caution 


Sandra Luna-Fineman,’ M. Vincent Healy,?° and Bruce R. Parker? 


Corticosteroids have many valid uses in clinical medicine. 
These include the treatment of hypersensitivity reactions, 
reactive airway disease, autoimmune diseases, and CNS 
edema. Recent publications [1, 2] confirm their value for 
prophylactic use in patients at risk for reactions to contrast 
media used during diagnostic imaging procedures. In addition, 
steroids also are used in most induction chemotherapeutic 
regimens for acute lymphoblastic leukemia and for non-Hodg- 
kin lymphomas in children [3, 4]. Our recent experience with 
a patient with lymphoid cancer reminded us that indiscriminate 
use of steroids may lead to significant complication or, equally 
important, impede the diagnostic evaluation of the patient's 
disease. 


Case Report 


A 12-year-old boy went to the emergency department of a com- 
munity hospital. He had severe hematemesis, hemoglobin of 4 mg/ 
dl, platelet count of 20,000/u!, and WBC count of 407,000/uI. He was 
given a single dose of methylprednisolone (25 mg IV) for “the possi- 
bility of leukemia.” Three hours later, on admission to our hospital, 
he had significant metabolic acidosis (pH 7.21), hyperuricemia (25 
mg/dl), hyperkalemia (7.6 mmol/l), hypocalcemia (7.2 mg/dl), hyper- 
ammonemia (210 umol/l), and severe coagulopathy. The WBC count 
had dropped precipitously to 15,200/u! within 24 hr. The final diag- 
nosis was acute lymphoblastic leukemia with a metabolic disturbance 


due to acute tumor lysis as a consequence of the single dose of 
corticosteroids. 


Discussion 


This case illustrates some of the problems associated with 
the administration of corticosteroids to patients with acute 
lymphoblastic leukemia and non-Hodgkin lymphomas. As oc- 
curred in our patient, acute tumor lysis syndrome may result 
in severe metabolic disturbances, and sometimes these can 
lead to acute renal failure and even cardiac arrest [5]. There 
are several reports of tumor lysis occurring with a single dose 
of steroids [6-8]. In order to prevent these complications from 
occurring in children with lymphoid cancer it is critical that the 
children be well hydrated, their urine made alkaline, and that 
they be given allopurinol before any therapy is started, includ- 
ing steroids [4]. 

In addition to tumor lysis syndrome, administration of ste- 
roids to children with suspected lymphoid cancer may delay 
correct diagnosis. Pediatric acute lymphoblastic leukemia and 
non-Hodgkin lymphoma are extraordinarily sensitive to corti- 
costeroids. Histologic morphology and specific immunophen- 
otyping can be distorted, delaying the correct pathologic 
diagnosis [5]. Lymphadenopathy and mediastinal masses 
may shrink rapidly, making accurate staging impossible. 
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Several different clinical settings might require treatment 
with steroids for reasons other than cancer chemotherapy. 
Lasser et al. [1, 2] recommend pretreatment with corticoster- 
oids to prevent reaction to contrast media in radiologic studies 
in adults. This study showed that multiple doses of cortico- 
steroids (minimum of 32 mg of methylprednisolone) provided 
protection from moderate to severe allergic reactions to iodi- 
nated contrast material. Patients excluded were those with 
medical history of active tuberculosis, diabetes mellitus, or 
peptic ulcer disease, all conditions for which administration of 
corticosteroids is contraindicated. Children were not included 
in this study. 

The prevalence of significant reactions to contrast material 
in children is substantially lower than in adults. The prevalence 
of severe reactions (death, cardiac arrest, respiratory arrest) 
in adults is one in 1435 [9]. In a study by the Society for 
Pediatric Radiology [10], of 12,400 patients, two had hypo- 
tension, one had laryngeal edema, and four had broncho- 
spasm (two children had two reactions each). No deaths and 
no episodes of true cardiac or respiratory arrest occurred. 

Although our patient received IV methylprednisolone, tumor 
lysis syndrome can occur with oral administration of cortico- 
steroids, as done for prophylaxis for potential reactions to 
contrast media. The bioavailability of oral prednisone aver- 
ages 78% (22-127%) [11]. Prednisone is metabolized in the 
liver to prednisolone, which has a higher maximum plasma 
concentration and biologic half-life than does prednisone [12]. 

We think the risk of tumor lysis syndrome in children with 
acute lymphoblastic leukemia and non-Hodgkin lymphoma is 
of sufficient concern that corticosteroids should not be used 
as prophylaxis against potential reactions to contrast media 
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in these patients. In our practice, we can obtain sufficient 
information from unenhanced CT, MR imaging, and sonog- 
raphy to obviate use of contrast media in the rare patient with 
a documented history of reaction to contrast material. 
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Routine MR Imaging of the Internal 
Carotid Artery Siphon: Angiographic 
Correlation with Cervical Carotid Lesions 


This study correlates the appearance of the cavernous segment of the carotid artery 
on MR images with the presence of significant stenosis or occlusion of the cervical 
carotid artery as seen on angiograms in 100 patients who had brain MR imaging and 
arteriography within a 1-week period. Four patients demonstrated isointense signal 
within the carotid artery’s cavernous segment; two of these findings correlated with 
complete carotid occlusion as seen angiographically, while partial compromise was 
seen angiographically in the other two. Four other patients had variable signal intensity 
and irregularity of the luminal outline in the carotid siphon, correlating with angiographic 
evidence of atheromatous disease in three patients and of dissection in one patient. 
The demonstration of normal signal void within a normal-appearing cavernous segment 
of the internal carotid artery in the remaining 92 patients correlated with absence of 
significant stenosis within the cervical segment in 86 patients. In the remaining six, 
significant disease of the internal carotid artery was found. 

lsointensity within the intracranial carotid artery can indicate either complete occlusion 
or very slow flow. Therefore, angiography is still necessary to completely exclude 
potentially treatable disease that produces very slow flow leading to isointensity. The 
presence of normal flow void in the intracranial segment does not exclude significant 
compromise of the cervical segment of the carotid artery. 
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MR imaging offers a major advance in evaluating cerebral ischemia. One exam- 
ination combines superior sensitivity for the detection of cerebral infarction [1-6], 
with the ability to depict the vital vascular supply routes. Flow phenomena inherent 
to the MR methodology offer potential not only for anatomic depiction of blood 
vessel morphology and its compromise but for frank flow quantification as well 
[7-11]. 

Several recent reports [12-14] suggested that routine MR brain scans can depict 
the intracranial carotid sufficiently well to make reliable statements regarding the 
status of the subcranial carotid artery. Our own anecdotal experience has been 
less favorable. This retrospective review of MR and angiographic correlative studies 
was undertaken to more rigorously assess this observation. 


Materials and Methods 


We reviewed the medical records of all patients who had carotid arteriograms over the 3- 
year period from January 1986 to January 1989. One hundred consecutive patients who had 
MR brain imaging performed within 1 week of arteriography that included views of at least 
one of the cervical carotid segments were selected for review. 

The patients were 14 to 86 years old. The arteriographic studies were all intraarterial, 
using either digital subtraction or conventional film-screen and subtraction techniques. 

The MR studies were done either with a 0.5-T (Picker International, Highland Heights, OH) 
or, in 78 of the 100 patients, a 1.5-T (General Electric, Milwaukee, WI) system. Short TR/TE 
sagittal, long TR dual-echo axial sequences were performed in all patients. The short TR/TE 
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Fig. 1.—64-year-old woman with acute onset of right arm weakness, resolved over 4 days. 

A, MR scan at level of cavernous carotid arteries (left) and over the convexity (right) shows normal flow void in both carotid arteries as well as gyral 
high signal intensity over left parietal convexity consistent with acute ischemia. 

B, Left common carotid artery injection on same day shows a severely stenotic internal carotid artery in its proximal segment. 

C, Angiograms obtained 4 weeks later show progression to complete occlusion of the stenosis, despite systemic anticoagulant treatment. Common 
carotid injection with intracranial filming documents prominent retrograde ophthalmic route to fill the siphon, as well as subcranial carotid in retrograde 
fashion (emergency surgery reestablished patency of the vessel). 


parameters were 600-800/24-30, and the long TR/TE parameters and the field of view varied from 20 to 24 cm. First-order gradient 
were 2000-2800/80, with a first echo obtained at 24-30 as well. moment nulling (flow compensation) was used with the long TR 
Slice thickness was 10 mm at 0.5 T and 5 mm with a 2-mm gap at sequences done at 1.5 T (it was not used on the 0.5-T system). A 
1.5 T. The acquisition matrix was either 256 x 256 or 128 x 256, caudally placed saturation pulse (15 ml below the volume of excita- 
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Fig. 2.—67-year-old man with sudden onset 
of left lower extremity weakness and right tem- 
poral and basal ganglia infarction documented 
on MR scan. 

A, MR image, 2800/30, at level of cavernous 
carotid arteries shows isointense signal from 
right internal carotid artery. 

B, MR image, 2800/70, shows persistent iso- 
intensity of signal within right carotid artery. 

C, Right common carotid artery injection in 
neck 1 day after MR shows almost complete 
occlusion of right internal carotid artery with 
contrast material slowly ascending. 

D, Right common carotid artery injection, cra- 
nial view. The contrast material ascends to level 
of cavernous carotid at 11 sec. Surgical endar- 
terectomy with backflow obtained documented 
patency from circle of Willis down to right com- 
mon carotid artery. 
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tion) was used to minimize any effects of in-flow phenomena. This 
was used only with the short TR/TE sequences at 1.5 T. These are 
the typical instrument parameters employed for routine brain MR 
studies at our facility. For specific evaluation of flow within vessels, 
other options might be utilized, but the purpose here was to assess 
the value of routine brain sequences for the observations discussed. 

The MR images were analyzed for presence of normal signal void 
in the intracranial carotid segment to the level of the clinoid. Specifi- 
cally, the segments perpendicular to the axial plane of section were 
particularly scrutinized (the immediate precavernous and subclinoid 
segments). This avoided the partial volume effect inherent to the 
cavernous or petrous segments. These regions of the siphon ap- 
peared well within the excitation volume, avoiding the time-of-flight, 
and slice in-flow phenomena. Although evaluation of the findings of 
the “partial flow void” of Heinz et al. [13] within the petrous segment 
was attempted, partial volume phenomena in several patients with 
normal carotid arteries simulated a central high-velocity channel with 
higher signal edges, and this attempt was abandoned. 

Both echoes were evaluated for second-echo rephasing. None of 
our cases showed a true rephasing effect, presumably due to several 
factors including the asymmetric echoes used, turbulent flow (when 
present), nonrefocusable phase shifts, and other fortuitous reasons. 
The arteriographic evaluation of significant stenosis was judged by 
measuring the narrowest diameter of the vessel on subtracted views 
and comparing it with the normal caliber of the vessel just distal to 
the lesion. 


Results 


Ninety-two of the 100 patients showed a normal-appearing 
subclinoid carotid lumen bilaterally with normal signal void 
within. The corresponding cervical carotid artery segments 
were free of significant stenosis in 86 of these 92 patients. 
However, despite the normal intracranial appearance of the 
intracranial carotid on MR, six patients demonstrated signifi- 
cant compromise of the cervical portion on arteriography. 
Stenoses of 66%, 85%, and 90% were found in three different 
patients. The last of these (Fig. 1) progressed to a complete 
occlusion in the neck (despite Coumadin therapy), but main- 
tained the patency of the cavernous segment with a prominent 
retrograde pathway through the ophthalmic artery. 

Fibromuscular disease of the high cervical carotid artery 
was found in two other patients with normal MR appearance 
of the intracranial carotid—both patients having had a history 
of transient ischemic attack. The sixth patient, a 29-year-old 
woman with dissection at the C3 level narrowing the carotid 
to approximately 75%, had a normal MR appearance of the 
cavernous segment but an abnormal cervical carotid finding 
on angiography. The cervical carotid artery was studied with 
MR (owing to a high index of suspicion) and showed beading 
and intramural clot. > 
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Fig. 3.—33-year-old woman with transient left-sided weakness, resolved over 8 hr. 
A, MR image, 600/20, shows signal void within an irregular, narrowed cavernous carotid artery. 
B, Long TR image, 2800/30, again shows asymmetry of cavernous carotid arteries with irregular, narrowed right cavernous carotid artery lumen 


containing signal void. 


C, Lower image, 600/30, at proximal intrapetrous carotid canal level shows a relatively narrow right petrous carotid artery (arrow) surrounded by a 


collar of high signal. 


D and E, Angiographic views of neck and cranial portions of internal carotid artery, respectively, reveal generalized narrowing of internal carotid artery 
(arrows in D) beginning just above the bulb in the neck and extending to the subpetrous portion, where a pseudoaneurysm (open arrowhead in E) is seen 


with a more severe narrowing just distally, findings typical of dissection. 


Isointense signal in the subclinoid intracranial portion of the 
internal carotid was present on all MR sequences in four 
patients. This finding was indicative of severe compromise of 
flow, but not necessarily complete occlusion, which was seen 
in two of the four patients. The third patients had a string 
sign. The internal carotid artery was almost occluded at its 
origin, but a string of contrast material proceeded cephalad, 
arriving at the siphon in 11 sec (Fig. 2). Surgical endarterec- 
tomy in the neck revealed a very severe stenosis, but back- 
flow down from the circle of Willis verified vessel patency. 
The patient's fluctuating ischemic deficit resolved after sur- 
gery, despite presence of temporal lobe and caudate infarcts 
on the presurgical MR scan. 


The fourth patient was evaluated for sudden, transient 
dysarthria and chest pain. Right radial pulse was absent on 
examination. MR showed isointensity within the carotid canal 
on the left and small gyral infarcts were seen in the distribution 
on the left middle cerebral artery. MR and arch aortography 
revealed ascending root aortic dissection, with extension into 
the left common carotid, which filled very slowly from the 
false lumen. Surgical repair of the aorta was uneventful. 

A fifth patient, a young woman with sudden severe right- 
sided headache (Fig. 3), showed signal void within a narrowed 
irregular siphon. Lower sections suggested blood in the walls 
of the right carotid artery’s petrous portion; its dissection was 
verified by angiography the next day. 
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Three other patients had irregular, narrowed siphon seg- 
ments. Signal intensity within the lumen was inhomogeneous, 
with a portion of the lumen suggesting rephasing on the 
second echo. Angiography showed atheromatous involve- 
ment of the cavernous segment in all three patients. 


Discussion 


This retrospective review provides additional evidence as 
to the usefulness of routine MR brain imaging of the cervico- 
cranial vessels, but certain caveats are reiterated. The finding 
of isointense signal within the subclinoid carotid on several 
routine sequences (both echoes of a long TR sequence and 
the short echo of a short TR sequence) indicates severe 
compromise of the cervical carotid, but not necessarily com- 
plete occlusion as others have recently suggested [12, 14]. 
Carotid angiography still must be performed, when the clinical 
indications exist, to differentiate complete occlusion from 
potentially remedial processes that produce very slow flow. 
It remains to be seen if specialized pulse sequences such as 
the gradient-recalled fast scans for flow [15-18], the use of 
phase-display imaging [18-20], or even angiographic MR 
imaging [21-23] can truly separate very slow flow (as seen 
in our patient with the string sign) from complete occlusion. 
This distinction is vital for appropriate patient management, 
and currently remains the province of arteriography. 

The finding of normal subclinoid carotid morphology and 
signal void on MR imaging is reassuring, but should not be 
completely relied upon to exclude significant stenoses, as 
shown in three of our cases, or other important lesions of the 
cervicocranial vasculature in symptomatic patients. Flow void 
on MR within the vessel lesion is one of many flow-related 
phenomena well described in previous reports [7, 16]. Time- 
of-flight high-velocity signal loss, turbulence, and intravoxel 
dephasing of moving spins all contribute to signal void in 
rapidly flowing channels. Theoretically, a calcified embolus 
(say from a calcified aortic valve) or clot with predominant 
deoxyhemoglobin content could simulate focal flow void. Ap- 
pearance of signal in such channels may be due to partial 
volume effects (especially when the lumen is parallel to the 
plane of section), end-slice in-flow phenomenon, pseudogat- 
ing, second-echo rephasing, and, or course, very slow flow 
or partial or complete occlusion. Use of flow-compensation 
gradient-moment nulling can also produce an artifactual signal 
in slowly flowing vessels, depending on their orientation. The 
many vagaries of flow-signal interpretation have been well 
summarized [24]. 

These various flow phenomena can be a source of confu- 
sion, and care must be taken in over-interpreting vascular 
signal or its absence. Even in the extreme cases of normal 
flow void and complete fill-in with isointense signal on several 
routine sequences, the assumptions regarding proximal nor- 
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mal patency or occlusion must still be verified with angiogra- 
phy for complete accuracy. Further evaluation of flow-specific 
techniques is needed. 
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Lateral Ventricular Neoplasms of 
the Brain: Differential Diagnosis Based 
on Clinical, CT, and MR Findings 


The differential diagnosis of lateral ventricular tumors was explored by retrospective 
analysis of 47 pathologically proved cases identified by CT and/or MR imaging. Third 
ventricular tumors adjacent to the foramen of Monro (e.g., colloid cysts) were excluded. 
Forty-six patients underwent CT, and eight had MR imaging. The most common neo- 
plasms were choroid plexus papilloma (10 cases) and meningioma (nine cases). Other 
common neoplasms included subependymoma (six cases), subependymal giant cell 
astrocytoma (five cases), and metastasis/lymphoma (four cases). Important features 
for differential diagnosis included age of the patient, the tumor’s location within the 
lateral ventricle, and density on CT before IV administration of contrast material. Fifty 
percent of the tumors were in the ventricular atrium. All intraventricular tumor types 
(except subependymoma) showed contrast enhancement. MR was most useful in 
evaluating tumor location, size, and extent, but it did not help in eliminating alternative 
diagnoses. 

On the basis of patients’ ages, specific tumor location, and the appearance on CT 
scans or MR images, an algorithm for differential diagnosis of lateral ventricular tumors 
was developed. 
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Lateral ventricular neoplasms are easily detected with CT and MR. Previous 
studies of the radiologic appearance of intraventricular tumors have been based 
on histologic type alone [1-3]. This study of 47 lateral ventricular neoplasms by 
CT and/or MR correlates imaging characteristics of these lesions with patients’ 
ages and the specific location of the tumor within the lateral ventricle. We think 
that this approach improves the accuracy of the preoperative diagnosis. 


Materials and Methods 


Forty-seven cases of lateral ventricular neoplasms with cross-sectional imaging studies 
were found in the 1978-1988 neuroradiology archives. The radiologic, histologic, and clinical 
data of these cases were reviewed retrospectively. Tissue was derived by needle biopsy 
(three cases), open biopsy (40 cases), or autopsy (four cases). All pathologic cases were 
reviewed at the Armed Forces Institute of Pathology (AFIP), and all these diagnoses were 
confirmed. Tumors were considered to be within the lateral ventricle only if radiologic studies 
showed that the lesion was predominantly intraventricular with little extraventricular extent 
or that the lesion arose from within the lateral ventricle. Primary or metastatic neoplasms that 
appeared largely parenchymal and had some lateral ventricular extension were not included 
in this study. 

CT scans, both unenhanced (39 of 46 cases) and enhanced (42 of 46 cases), were 
examined to determine the location and size of each tumor. Additionally, the neoplasm's 
morphologic characteristics were evaluated, including unenhanced CT appearance, degree 
of enhancement, and the presence of calcification or cystic change. 

MR studies were available in 10 patients. These studies were evaluated for the signal 
characteristics on T1-weighted, T2-weighted, and either proton-density—weighted or inter- 
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mediate images. Contour, appearance, and specific tissue-signal 
characteristics, such as fat or hemorrhage, were evaluated. MR was 
compared with CT in nine cases to assess its usefulness in predicting 
tumor histology and for any potential advantage of MR in showing 
more clearly the anatomic extent of disease. 

The data were tabulated for radiologic features, specific location 
of the tumor within the lateral ventricle, and patients’ ages. Lateral 
ventricular masses were localized to three geographic regions: the 
trigone, the foramen of Monro, and the body of the lateral ventricle. 
An algorithm for the differential diagnosis was developed on the basis 
of the patient's age at presentation and the location of the tumor 
within the lateral ventricle. Age categories included young children 
(0-5 years), older children and young adults (6-30 years), and older 
adults (>30 years). 


Results 


The numbers of males and females were approximately 
equal in all tumor categories, including meningioma (Table 1). 
The natural age grouping of the tumors is shown in Table 2 
and Fig. 1. 


TABLE 1: Histologic Types: Summary of 47 Patients with 
Lateral Ventricular Neoplasm 
el 


Sex Age (years) 
Male Female 0-5 6-30 >30 


Tumor Number 








Meningioma 

Choroid plexis papilloma 1 

Subependymoma 

SGCA 

Lymphoma, metastasis 

PNET 

Teratoma 

Pilocytic astrocytoma 

Oligodendroglioma 

Ependymoma 

Mixed glioma 

Glioblastoma 

| a SN SE a SSS 
Note.—SGCA = subependymal giant cell astrocytoma; PNET = primitive 

neuroectodermal tumor. 


M-=NMONWANAUDMOO 
MHA AB2 OA 32NWHWOAM 
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Young Children (0-5 Years) 


Location.—In young children, there were 12 tumors: nine 
choroid plexus papillomas (CPPs), two primitive neuroecto- 
dermal tumors (PNETs), and one teratoma (Figs. 2 and 3). All 
but one of all CPPs occurred in this age group, and PNET 
and teratoma occurred exclusively in children less than 1 year 
old. All masses in the trigone were CPPs, and all the CPPs 
occurred in the trigone except two (one arose in an older child 
in the foramen of Monro, and one in the younger group 
occurred in the body of the lateral ventricle). No lesions 
occurred in the foramen of Monro in this age group. The 
PNETs and teratoma diffusely involved the body of the lateral 
ventricle. 

CT appearance.—All but one of the lesions studied by CT 
were hyperdense on noncontrast CT. The CPPs tended to 
enhance in a more uniform and intense pattern (eight of nine) 
than did the teratoma or the PNETs. Calcification was present 
in the teratoma, the PNETs, and five of the eight CPPs 
studied. Cystic changes were present in the teratoma, the 
PNETs, and four of the eight CPPs studied. 


Older Children and Young Adults (6-30 Years) 


Location.—There were 15 tumors in this age group, two of 
which usually occur in either the older or younger age range. 
One CPP (of the foramen of Monro) occurred in this age 
group, and one intraventricular meningioma occurred in the 
foramen of Monro of a 22-year-old woman with multiple 
meningiomas. Of the remaining 13 tumors, all were low-grade 
gliomas, including five subependymal giant cell astrocytomas 
(SGCAs), three pilocytic astrocytomas, two oligodendroglio- 
mas, two ependymomas, and one mixed glioma (Figs. 4 and 
5). The SGCAs occurred in only one location (the foramen of 
Monro), and the mixed glioma occurred in the body of the 
lateral ventricle. The pilocytic astrocytomas, oligodendro- 
gliomas, and ependymomas occurred at two different sites 
each. 

CT appearance.—The degree of enhancement, calcifica- 
tion, and presence of cystic changes were generally variable 


TABLE 2: Location and Age of Lateral Ventricular Neoplasm 





Age F : Body of 
(years) Foramen of Monro Trigone/Atrium Lateral Ventricle 
0-5 0 8 CPPs 2 PNETs 
1 Teratoma 
1 CPP 
6-30 5 SGCAs 1 Ependymoma 1 Mixed glioma 


2 Pilocytic astrocytomas 

1 CPP 

1 Meningioma 

1 Oligodendroglioma 
>30 2 Metastases 


1 Oligodendroglioma 


8 Meningiomas 


1 Ependymoma 
1 Pilocytic astrocytoma 


2 Glioblastomas 

1 Lymphoma 

1 Metastasis 

6 Subependymomas 


Note.—CPP = choroid plexus papilloma; PNET = primitive neuroectodermal tumor; SGCA = subependymal giant 


cell astrocytoma. 
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Fig. 1.—Anatomic locations and tumor pathology by age group. 
BODY = body of lateral ventricle; PNET = primitive neuroectodermal 
tumor; CPP = choroid plexus papilloma; GBM = glioblastoma mul- 
tiforme; F. = foramen; SGCA = subependymal giant cell astrocy- 
toma. 


F. of MONRO 


AGE DIAGNOSIS (#) 


0-5 none 


6-30 SGCA (5) 
Pilocytic Astrocytoma (2) 
CPP (1) 
Meningioma (1) 
Oligodendroglioma (1) 





230 Metastasis (2) 





B C 


Fig. 2.—9-month-old girl with a trigone choroid plexus papilloma. 


6-30 


AGE 


BODY 


DIAGNOSIS (# 


PNET (2) 
Teratoma (1) 
CPP (1) 


Ependymoma (1) 
Pilocytic Astrocytoma (1) 
Mixed Glioma (1) 
Subependymoma (6) 
GBM (2) 


Metastasis (1) 
Lymphoma (1) 


TRIGONE 


DIAGNOSIS (# 
CPP (8) 


Ependymoma (1) 
Oligodendroglioma (1) 


Meningioma (8) 


A, Noncontrast CT scan reveals marked enlargement of temporal horns and ballooning of third ventricle into suprasellar cistern (arrow). 


B, A large round mass (arrow) is present in left trigone of lateral ventricle on this noncontrast CT scan. 


C, After IV administration of contrast material, there is striking enhancement of mass. Mass is attached to choroid plexus (arrow). 
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Fig. 3.—3-week-old boy with a left choroid 
plexus papilloma (CPP) of body of lateral ventri- 
cle. 

A, Coronal proton-density-weighted MR im- 
age (2000/20) of CPP shows hydrocephalus of 
both lateral ventricles, more prominent on left 
(arrow). Note also caput succedaneum. 

B, Axial proton-density-weighted MR image 
(2000/30) reveals a large vessel (arrow) in this 
CPP. There is asymmetric hydrocephalus. 


Fig. 4.—6-year-old boy with a subependymal giant cell astrocytoma of foramen of Monro. Clinical diagnosis is tuberous sclerosis. 

A, On noncontrast CT scan, a large hyperdense mass arises in region of left foramen of Monro, causing obstructive hydrocephalus. 

B, Marked degree of enhancement is seen after IV administration of contrast material. 

C, At a slightly higher level, cephalad extent of tumor (straight arrow) is present. There are also multiple calcified tubers (curved arrows). 


within each histologic subtype and nonspecific in differentiat- 
ing one subgroup from another. However, SGCAs tended to 
be partially calcified (four of five studied) and hyperdense (four 
of five) on noncontrast CT. All five enhanced homogeneously. 
Cystic changes (areas of homogeneous low density) were 
present in the two pilocytic astrocytomas, both ependymo- 
mas, and two of the five SGCAs studied. Calcification was a 
feature of both ependymomas and of four of the five SGCAs 
studied. All tumors showed some degree of enhancement. 
Homogeneous enhancement was found in all five SGCAs, 
the meningioma, the CPP, both oligodendrogliomas, and 
the mixed glioma. Heterogeneous irregular enhancement 


was found in all three pilocytic astrocytomas and both 
ependymomas. 


Older Adults (>30 Years) 


Location.—Twenty lesions were found in this age group. 
All eight lesions occurring in the trigone were meningiomas. 
(Meningiomas did not occur outside the trigone region in any 
patient with a solitary lesion.) No other histologic types oc- 
curred primarily in this region. The body of the lateral ventricle 
was the site of all six subependymomas (Figs. 6 and 7). Most 
(five of six) occurred toward the frontal horn, and the sixth 
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Fig. 5.— 15-year-old girl with an oligodendro- 
glioma of left foramen of Monro. 

A, Noncontrast CT scan shows a hyperdense 
lesion in left foramen of Monro. At this level, 
mass is not clearly intraventricular. 

B, Contrast-enhanced CT scan (slightly higher 
level than A) shows enhancement of hyperdense 
mass with hydrocephalus of left lateral ventricle 
from foramen of Monro mass. 

C, Coronal T1-weighted MR image (525/32) 
shows more clearly intraventricular mass with 
extension across midline. 

D, Axial proton-density-weighted MR image 
(2128/32) shows relationship of mass to thala- 
mostriate vein (arrow) and its contralateral 
extent. 


along the mid body of the lateral ventricle. Malignant tumors 
(three cases of metastatic disease, two glioblastomas, and 
one lymphoma) occurred both in the foramen of Monro and 
the body of the lateral ventricle. 

CT appearance.—The only nonenhancing neoplasms in this 
group were subependymomas (three of four). All other neo- 
plasms generally showed homogeneous enhancement (all six 
meningiomas and five of six malignant tumors, including glio- 
blastoma multiforme [GBM], lymphoma, and metastasis). Cal- 
cification was present in four of six meningiomas and one of 
three subependymomas evaluated by noncontrast CT. A 
cystic appearance was present in two of these subependy- 
momas and in one of the two GBMs. 
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MR Results 


MR images were obtained in 10 patients. As with CT 
results, the signal characteristics were neither specific nor 
characteristic. No neoplasm contained areas characteristic of 
fat or hemorrhage. All but one of the 10 neoplasms were 
hyperintense (as compared with white matter) on the proton- 
density-weighted and T2-weighted images. On the T1- 
weighted images, the tumors were usually hypointense or 
isointense with white matter (Figs. 3, 5, 6, and 7). However, 
in six of nine cases, MR was superior to CT in defining a 
tumor as intraventricular (Figs. 5 and 7). Furthermore, the full 
extent of the neoplasm was more clearly shown on MR. In 
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Fig. 7.—69-year-old man with frontal horn subependymoma. 
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Fig. 6.—62-year-old man with subependy- 
moma of body of lateral ventricle. 

A, Sagittal T1-weighted MR image (450/20) 
shows a large mass arising in body of lateral 
ventricle. Extent of mass, both anterior and pos- 
terior, is well defined. 

B, Axial T2-weighted MR image (2450/100) 
shows heterogeneity (arrows) of neoplasm, but 
overall dimensions are obscured on T2-weighted 
image. 





A, Axial CT scan after administration of IV contrast material shows a mass arising in region of left caudate nucleus. Appearance is that of a parenchymal 
mass (arrow) extending into frontal horn and foramen of Monro of left lateral ventricle. 
B, Sagittal T1-weighted MR image (450/20) reveals a primarily intraventricular mass in frontal horn of lateral ventricle. Multiple, discrete, hypointense 


areas are present within mass, compatible with cystic changes (arrow). 


C, On a coronal T2-weighted MR image (2000/60), a left frontal horn mass is shown by hyperintense CSF (arrow). T2-weighted images frequently 


obscured intraventricular neoplasms. 


no case was CT better than MR at localizing or defining the 
extent or spread of tumor. 


Discussion 


Intraventricular neoplasms are uncommon CNS masses, 
representing only 10% of all neoplasms [4]. Previous studies 
of intraventricular neoplasms categorized by histologic types 
have shown consistent trends in tumor location and in the 
age of the patient at presentation [1-3]. Within the lateral 
ventricle, specific regions can be identified as sites of predi- 
lection for each particular tumor. As we tabulated the data, 
we found that these tumors tended to occur in natural age- 
related groupings. The CT density and morphology charac- 
teristics were nonspecific in terms of the patients’ ages or 
tumor location. MR signal intensity patterns were equally 


unhelpful in predicting tumor histology, although MR was 
better than CT in defining tumor location and extent of dis- 
ease. From our data, we suggest the algorithm shown in 
Figure 8 and described in detail in the following sections. 


Young Children (0-5 Years) 


In children less than 12 years old, many CNS neoplasms 
are infratentorial [5, 6]. However, in the first year of life and 
possibly in the first 3 years, supratentorial lesions are more 
common [6, 7]. Many of these arise within the lateral ventricles 
and in the third ventricle [1, 7]. Several articles have discussed 
the differential diagnosis and CT findings of fourth ventricular 
masses in children [8-12]. Lateral ventricular neoplasms in 
children less than 5 years old are usually choroid plexus 
papillomas (CPP) (Figs. 2 and 3) or choroid plexus carcinoma, 
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Fig. 8.—Types of lateral ventricular 
tumor. Body refers to body of lateral 
ventricle. PNET = primitive neuroecto- 
dermal tumor; CPP = choroid plexus 
papilloma; FOM = foramen of Monro; 
SGCA = subependymal giant cell astro- 
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as has been previously noted [1, 2, 7]. Studies indicate eight 
of 10 arise within the atria of the lateral ventricles [1-3, 7]. In 
a young child, the CT features of an isodense or hyperdense 
mass in the trigone, which enhances with administration of 
contrast material, are characteristic of CPP. Typically, CPP 
also causes asymmetric hydrocephalus, which is more 
marked proximal to the obstructing mass [3, 4, 13]. However, 
enlargement of CSF spaces, ventricles, and cisterns that were 
not mechanically obstructed by the tumor was seen in eight 
of 10 CPP cases. This feature, suggesting overproduction of 
CSF or a resorption defect, was not found in any other tumor. 
The only other types of tumor seen in this age group were 
PNET and teratoma. These occurred in children who were 
less than 1 year old. Both these tumors primarily filled the 
body of the lateral ventricles and did not arise from within the 
trigone. Other than location and enlargement of CSF spaces, 
the CT characteristics of these tumors were not significantly 
distinguishable from the CT characteristics of CPP (i.e., an 
isodense or hyperdense mass that enhanced after IV admin- 
istration of contrast material). 


Older Children and Young Adults (6-30 Years) 


In this age group, the most common histology was low- 
grade glioma. Previous studies [1-3] have shown glioma to 
be one of the most common lateral ventricular tumors, al- 
though an exact histologic type was not always stated. In our 
series, the most common histologic subtypes were SGCA 
(n = 5) and pilocytic astrocytoma (n = 3). We were somewhat 
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surprised that only two ependymomas of the lateral ventricle 
were present, although this finding is consistent with earlier 
series [1-3]. Ependymomas, when supratentorial, are more 
likely to arise intraparenchymally rather than in an intraven- 
tricular location (by a ratio of 4 or 5 to 1) [14, 15]. The usual 
supratentorial intraventricular location for ependymoma is 
within the trigone or body of the lateral ventricle [2, 3, 14, 
15]. 

The locations and appearances of the SGCAs in our series 
were consistent with other studies [16-18]. Another 
subgroup of low-grade gliomas, oligodendroglioma (two found 
in our study), may rarely arise in the lateral ventricles [3, 19, 
20]. Three of the lateral ventricular neoplasms arising in 
patients less than 30 years old were pilocytic astrocytomas. 
These tumors have previously been called “spongioblasto- 
mas” or “cystic low-grade astrocytomas” [21, 22]. The im- 
portance of recognizing this type of lesion is that total extir- 
pation of the enhancing nodule results in a good prognosis or 
cure [21, 22]. 


Older Adults (>30 Years) 


Meningioma is the most common tumor of the atrium in 
this age group, and it has a typical appearance [1-3, 23- 
25]. Intraventricular meningiomas usually arise in the trigone 
of the lateral ventricles [23-26]; exceptions include meningi- 
omas of the foramen of Monro, where 12% of intraventricular 
meningiomas have been found to arise [23, 25]. 

Outside of the trigone, tumors in these patients were more 
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likely to be malignant (either primary or metastatic), especially 
if the lesion showed contrast enhancement [2, 3]. The only 
consistently nonenhancing tumors in the body or the foramen 
of Monro were subependymomas. Supratentorial subepen- 
dymomas were found in this group; most subependymomas 
occur in the fourth ventricle, and less frequently they arise in 
the third ventricle, the septum pellucidum, or the walls of the 
lateral ventricle [27-30]. The average age of subependymoma 
patients depends on whether they are symptomatic (average 
age, 39) or asymptomatic (average age, 59) at the time of 
diagnosis [27]. Although some studies confirm these neo- 
plasms in the older age group [1, 27, 28], as did our study, 
others have indicated their occurrence in a slightly younger 
age group [29, 30]. Other confusing features of subependy- 
momas are their morphologic characteristics on noncontrast 
and contrast CT. Our cases were generally hypodense or 
isodense with minimal to no enhancement, which is consistent 
with some other studies [1, 27, 28]. However, other reports 
suggest that subependymoma is an enhancing lesion [29, 
30]. Foci of cystic changes in subependymoma are common 
[27-30] (Fig. 6). 


Conclusions 


In summary, lateral ventricular neoplasms are uncommon. 
The focus of the differential diagnosis can be narrowed con- 
siderably by knowing the patient’s age and the exact location 
of the tumor within the ventricles. Some neoplasms have 
characteristic CT findings that may suggest the diagnosis, 
given the appropriate tumor location and age group. MR was 
more useful in showing the location and extent of disease but 
did not add to the specificity of the differential diagnosis. The 
differential diagnosis of lateral ventricular neoplasms, like that 
of the third and fourth ventricle tumors, is best determined by 
consideration of the patient’s age, exact intraventricular lo- 
cation of the tumor, and CT appearance with and without 
contrast material. 
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Facial Skeleton Remodeling Due 
to Temporomandibular Joint 
Degeneration: An Imaging Study of 100 
Patients 


One hundred patients with recently acquired, externally visible mandibular deformity 
and no history of previous extraarticular mandible fracture were selected for retrospec- 
tive analysis. All had been investigated clinically and with radiography, tomography, and 
high-field surface-coil MR imaging to determine the presence or absence and extent of 
temporomandibular joint degeneration. Temporomandibular joint degeneration was 
found in either one or both joints of each patient studied. Chin deviation was always 
toward the smaller mandibular condyle or more diseased joint, and many patients either 
complained of or exhibited malocclusion, often manifested by unstable or fluctuating 
occlusion disturbances. Three radiologically distinct forms of degenerative vs adaptive 
osteocartilaginous processes—(1) osteoarthritis, (2) avascular necrosis, and (3) regres- 
sive remodeling—involving the mandibular condyle and temporal bone were identified 
in joints most often exhibiting meniscus derangement. Osteoarthritis and avascular 
necrosis of the mandibular condyle and temporal bone were generally associated with 
pain, mechanical joint symptoms, and occlusion disturbances. Regressive remodeling 
was less frequently associated with occlusion disturbances, despite remodeling of the 
facial skeleton, and appears to result from regional osteoporosis. Forty patients (52 
joints) underwent open arthroplasty procedures, including either meniscectomy or mi- 
crosurgical meniscus repair, at which time major radiologic diagnoses were confirmed. 
Surgical and pathologic findings included meniscus displacement, disk degeneration, 
synovitis, joint effusion, articular cartilage erosion, cartilage healing/fibrosis, cartilage 
hypertrophy, osseous sclerosis, osteophyte formation, osteochondritis dissecans, lo- 
calized or extensive avascular necrosis, and decreased mandibular condyle mass and 
vertical dimension. 

We conclude that temporomandibular joint degeneration is the principal cause of both 
acquired facial skeleton remodeling and unstable occlusion in patients with intact 
dentition and without previous mandible fracture. 


AJNR 11:541-551, May/June 1990; AJR 155:373-383, August 1990 


Disorders of occlusion and acquired facial skeleton deformity are common, yet 
the pathogenesis of these problems is generally not well understood. The relation- 
ship between mechanical temporomandibular joint (TMJ) symptoms, acquired 
mandibular deformity, and disturbances of occlusion has long been and continues 
to be a subject of controversy [1-11]. Recent clinical and laboratory investigations 
with MR imaging have defined TMJ pathology [12-19] and the relationship between 
joint degeneration and secondary manifestations, such as mechanical TMJ symp- 
toms [5], pain [5, 20-22], facial skeleton deformity [21, 23, 24], and malocclusion 
[2, 4, 5, 21-24]. We analyzed the historical, clinical, and radiologic findings in 
patients whose primary complaints related to facial deformity and/or deranged 
occlusion, correlated this data with surgical and pathologic observations, and 
identified three degenerative/adaptive osteocartilaginous processes that cause 
predictable changes in the facial skeleton. 
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Materials and Methods 


One hundred patients (86 females and 14 males, 11-69 years old) 
who had presented with acquired, externally visible facial-mandibular 
deformity and/or acquired (especially unstable) malocclusion and 
subsequently underwent radiologic investigation with radiography, 
tomography, and surface-coil MR were selected for retrospective 
study. Patients with either history or radiologic evidence of mandib- 
ular-facial fractures (other than articular surface fractures of the 
mandibular condyle) and secondary deformity/malocclusion were ex- 
cluded from the study. Patients with a history of previous orthognathic 
surgery were excluded from the series, as were individuals with 
lifelong histories of facial deformity and/or anomalies of development. 
Many patients complained of acquired unsatisfactory facial contour, 
such as chin deviation to one side, with or without chin retrusion; 
poor occlusion between the upper and lower teeth; and jaw deviation 
toward one side with mouth opening. Occlusal problems included 
anterior open bite, posterior open bite, crossbite, and fluctuating 
symptoms such as episodic posterior open bite and/or crossbite. 
Occlusion-related complaints were more common than complaints 
about facial contour, as many patients (with mild mandibular asym- 
metry) were not initially aware of facial changes. Over one-half of the 
patients in the series either had a previous history of occlusal adjust- 
ment with dental braces or were undergoing orthodontic treatment 
at the time of the study. Accompanying clinical complaints at the time 
of initial evaluation included mechanical TMJ symptoms such as TMJ 
clicking, locking, asymmetric jaw motion, masticatory dysfunction, 
tinnitus, decreased and/or altered hearing, headache, facial pain, 
otalgia, and neck pain. Many patients had no mechanical TMJ symp- 
toms. Patients were examined for abnormalities of dentition, such as 
loose or missing teeth, periodontal disease, and obvious caries. 

Patients were routinely screened with radiography, including sub- 
mentovertex and anteroposterior jaw-protruded radiographs of the 
skull and mandible. These were followed by closed- and open-mouth, 
cephalometrically corrected (obtained perpendicular to long axis of 
mandibular condyle) lateral TMJ tomograms, most often employing a 
routine of three closed-mouth views at 2- to 3-mm intervals between 





A 
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the medial and lateral poles of the mandibular condyle, followed by a 
single, midcondyle open-mouth view. Lateral facial radiographs were 
obtained in each case. After screening radiographs and tomograms, 
patients were studied with surface-coil MR using a 1.5-T supercon- 
ducting magnet (General Electric, Milwaukee, WI) and either a com- 
mercially available single or dual 3-in. (7.6-cm) surface-coil apparatus 
at one of two facilities in different states. Details of both single- and 
dual-coil MR technical parameters have been described previously 
[16, 18, 21, 22]. Acquisition details for T1- and T2-weighted images 
illustrated in this article are identified in the figure legends by TR/TE 
(e.g., 500/20 and 2200/80). The presence or absence of abnormality 
and stage [5, 24] of TMJ derangement were noted in each case. 
Joint effusions and alterations of mandibular condyle morphology and 
marrow signal were noted in each case [22]. 


Results 


Clinical observation revealed either asymmetry or retrusion 
of the chin point in each patient (Figs. 1 and 2). Complaints 
related to occlusion such as crossbite, anterior open bite, and 
prematurity of posterior molar contact were confirmed with 
physical examination in each case (Figs. 1-3). Radiographic 
and tomographic findings were abnormal in each patient (Figs. 
4 and 5). Radiographic observations included side-to-side 
asymmetry in mandibular condyle size, morphology, and ori- 
entation to the skull base; chin displacement to one side; chin 
retrusion; loss of posterior mandibular and facial height; and 
morphologic deformity of either one or both mandibular con- 
dyles (Figs. 1, 4, and 5) [2, 4, 21, 23, 24]. Chin deviation 
toward the smaller and/or more deformed mandibular condyle 
was present in each case [2, 4, 23]. In cases of unilateral 
condylar hypertrophy and prognathism, chin displacement 
was toward the smaller (normal or abnormal) opposite joint. 


Fig. 1.—Acquired skeletofacial deformity due to advanced degeneration of left temporomandibular joint in 65-year-old woman with 6-year history of 
progressive chin displacement, left-sided preauricular pain, and restricted temporomandibular joint function. 

A, Frontal photograph of patient in centric (most comfortable state) occlusion reveals chin displacement toward left with tilting of lips. 

B and C, Anteroposterior, jaw-protruded (B) and closed-mouth submentovertex (C) radiographs reveal chin displacement toward left, due to degeneration 
of left mandibular condyle (solid arrow, C). Note absent left-sided mandibular molars (arrows, B), further accentuating skeletofacial deformity. Open arrow 
points to normal right mandibular condyle. Lateral tomograms and MR (not shown) revealed severe condyle degeneration, suggesting old avascular 
necrosis and secondary osteoarthritis. 
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Fig. 2.—Progressive retrognathia and wors- 
ening anterior open bite owing to bilateral 
avascular necrosis of mandibular condyles in 
42-year-old woman with 5-year history of pro- 
gressive skeletofacial deformity (A and B) and 
worsening malocclusion and bilateral temporo- 
mandibular joint pain and dysfunction (C and D). 

A and B, Frontal and lateral closed-mouth 
photographs reveal lip incompetence due to se- 
vere anterior open bite and mandibular reces- 
sion (open arrow, B). Note retrusion of chin (solid 
arrow, B) and decreased posterior facial height. 

C and D, Anterior and lateral dental photo- 
graphs reveal large occlusal surface onlays 
(solid black arrows), porcelain crowns (open ar- 
rows), and marked intrusion of posterior molars 
and molar crowns (white arrows) due to progres- 
sive loss of posterior facial height. 


Lateral tomographic findings included normal unilateral os- 
seous anatomy and alterations in mandibular condyle size, 
height, morphology, and position within the glenoid fossa, 
including both articular space narrowing (osteoarthritis) and 
pathologic articular space widening (avascular necrosis [AVN] 
and regressive remodeling) (Figs. 4 and 5) [24]. Osseous 
sclerosis, cortical thickening, osteophyte formation, unilateral 
and bilateral loss of condylar mass and vertical dimension, 
and facial and generalized articular surface depressions were 
noted (Fig. 5). Three patients (five joints) with a history of 
pain, mechanical TMJ symptoms, progressive retrognathia, 
open bite, and loss of posterior mandible exhibited absence 
of the condyle and (either most or all) of the condylar neck 
(proximal mandibular segment), suggesting that AVN had led 
to osseous collapse and resorption (condylysis) (Fig. 1). De- 
creased range of forward condylar translation was commonly 
observed. 

MR findings included side-to-side asymmetry in condyle 
size and morphology (Fig. 6A); occasional normal joint an- 
atomy (Fig. 6B); early to late stages of TMJ meniscus de- 
rangement (Figs. 6C, 6D, and 7) [5, 24]; joint effusion (Figs. 
6C, 6D, and 7-9); alterations in mandibular condyle size, 
morphology, and marrow signal characteristics suggesting 
regional osteoporosis (Figs. 5, 7, and 8); articular (transchon- 
dral) fracture or osteochondritis dissecans (Fig. 9); osteoar- 
thritis (Fig. 10); and either localized or extensive (entire con- 
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dyle and/or condylar neck) AVN (Figs. 11 and 12) [21, 24, 
25]. Five joints with morphologic changes suggesting regres- 
sive remodeling exhibited increased marrow signal on T2- 
weighted images (Figs. 5, 7, and 8). Side-to-side skeletal 
variations and deformities were best delineated on conven- 
tional radiographs (Figs. 1 and 4). Side-to-side masticatory 
muscle asymmetry was noted on MR studies in cases of 
Clinically obvious craniomandibular deformity [26]. Ten joints 
exhibited severe structural alterations that made it impossible 
to distinguish old AVN from osteoarthritis, suggesting that 
both processes may have occurred in these joints (Figs. 1, 3, 
and 10). 

Surgical observations from 40 patients (52 joints) operated 
on for bothersome mechanical TMJ symptoms, pain, and 
radiologically demonstrated joint derangement believed to be 
responsible for progressive facial deformity and/or occlusal 
disturbance confirmed major radiologic diagnoses such as 
disease stage in each instance. Joints exhibiting radiographic- 
tomographic and MR findings suggesting osteoarthritis were 
uniformly found to have severely displaced and degenerated 
disks, with or without synovitis and joint effusion (Fig. 10). 
Perforation of the meniscus attachments (most often poste- 
rior) was encountered in each case of suspected osteoarthri- 
tis. Erosion of mandibular condyle and/or temporal bone 
articular cartilage was commonly observed, with or without 
evidence of cartilaginous healing and fibrosis. Small foci of 
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osteochondritis dissecans and osteophytes along articular 
surface margins were observed occasionally when these find- 
ings were not apparent on imaging studies, particularly when 
operative microscopy (magnification, x10) was used. Joints 
exhibiting radiologic characteristics suggesting either osteo- 
chondritis dissecans or AVN manifested variable condylar 





Fig. 3.—Rapidly progressive, asymmetric anterior open bite and right- 
sided posterior open bite (open arrow) with premature contact of posterior 
molars on left due to destruction of left condyle resulting in loss of posterior 
mandible height caused by permanent Proplast implant in a 30-year-old 
woman with progressive malocclusion, left temporomandibular joint pain, 
and worsening mechanical symptoms. Severe occlusal wear (black ar- 
rows), due to chronic bruxism, indicates prior occlusal contact. Note 
intrusion of left posterior molars (solid white arrow) compared with right 
side. 
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articular surface abnormalities, such as cartilage erosion, 
often with articular surface depression, with or without evi- 
dence of osteocartilaginous healing (Fig. 11) [21]. Joints that 
contained permanent alloplastic implants (especially Proplast, 
Vitek, Houston) and exhibited destructive soft-tissue and 
osseous changes uniformly contained foreign body-type 
granulomata (Fig. 3) [23]. Histologic study of removed os- 
seous fragments revealed findings compatible with either 
osteochondritis dissecans or AVN. Core decompression of 
selected diseased condyles revealed areas of normal-appear- 
ing marrow, and areas of either bone softening or sclerosis 
with complete lack of bleeding in focal areas, proved to 
represent various stages of AVN at histology. Advanced 
stages of meniscus derangement, usually with perforation, 
were encountered in all cases of osteochondritis dissecans 
and AVN. Cases in which condylar “regressive remodeling” 
was diagnosed on imaging studies typically exhibited ad- 
vanced-stage disk derangement, with or without perforation, 
with either intact or hypertrophic articular surface cartilage 
(Figs. 4-7) [24]. No hypertrophic osteophytes were seen in 
these cases. 


Discussion 


Mandibular and facial fractures are obvious causes of ac- 
quired facial deformity and malocclusion [27]. Destructive 
complications of TMJ arthroplasty with permanent implants 
are known to result in acquired facial deformities and unstable 
occlusions [23]. Loose and missing teeth will accentuate 
skeletal deformity and often aggravate symptoms in diseased 
TMus (Fig. 1) [3]. In 1966, Boering [1] described “arthrosis 
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Fig. 4.—Regressive remodeling of left mandibular condyle causing slowly progressive skeletofacial deformity in a 33-year-old woman with 4-year 
history of episodic temporomandibular joint (TMJ) clicking, recently progressed to locking and episodic preauricular pain. Skeletal occlusion was stable 
at clinical evaluation, although intruded left posterior molars were found. 

A, Open-mouth jaw-protruded frontal radiograph reveals chin (dot) displacement toward degenerated left TMJ. 

B, Closed-mouth lateral TMJ tomogram (obtained with patient in centric occlusion) reveals pathologic widening of articular space, now occupied by 
articular cartilage and retrodiskal soft tissues, (arrows) with small mandibular condyle. 

C, Closed-mouth sagittal 3-mm-thick MR image, 2200/25, reveals normal condylar marrow signal with anterior displacement and degeneration of 
meniscus (black arrow), nonreducing on open-mouth views (not shown). Note apparent osseous thickening, surgically proved to represent hypertrophic 
cartilage along articular surface of temporal bone superiorly (white arrows). Meniscus derangement and articular cartilaginous hypertrophy on both 
temporal bone and mandibular condyle were confirmed during meniscectomy. 
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Fig. 5.—Progressive loss of condylar mass 
and vertical dimension (regressive remodeling) 
over 16 months associated with surgically con- 
firmed meniscus derangement in 24-year-old 
woman with painless clicking (A) that pro- 
gressed to painful locking and episodes of pos- 
terior open bite (B-D) over a 16-month interval. 
There was externally visible displacement of 
chin toward deranged joint at time of second 
imaging (B-F). 

A, Cephalometrically corrected lateral tomo- 
gram through midcondyle with mouth closed re- 
veals normal condyle morphology and widened 
anterior articular space (arrow), suggesting an- 
terior displacement of meniscus (not seen). 

B, Lateral midcondyle tomogram 16 months 
later reveals persistent widening of anterior joint 
space (straight white arrow) with flattening of 
condyle surface (black arrow) compared with A. 
Note indentation of condylar neck (curved ar- 
row), not present in A. 

C-F, Sagittal closed-mouth MR images, 2200/ 
20 (C) and 2200/80 (D), and half-open (E) and 
fully open (F) images, 30/13/short (30°) flip an- 
gle, reveal marked anterior displacement of de- 
generated meniscus (curved arrows) and large 
effusion (small white arrows). Note how menis- 
cus is completely dislocated anteriorly relative 
to articular space on closed-mouth views (C and 
D) and fails to reduce with mouth opening (E and 
F). Slightly increased T2 signal from condylar 
marrow (large arrow, D) represents increased 
marrow fluid. Joint pain and occlusion distur- 
bances did not recur during 12 months after 
meniscectomy. 


FACIAL SKELETON REMODELING 377 








deformans” to explain acquired mandibular deformity with 
ipsilateral lateral displacement of the chin with or without 
retrognathia due to underlying TMJ degeneration without 
fracture. On the basis of clinical investigations using two- 
compartment arthrography and correlative surgical obser- 
vations, Wilkes [8, 9] described progressive meniscus de- 
rangement as the explanation for mechanical symptoms and 


occlusion disturbances. Recent investigations have defined 
the progressive nature and pathologic stages of TMJ de- 
rangement [5, 24]. Adaptive cartilaginous and osseous proc- 
esses have been shown to accompany the early stages of 
TMJ meniscus derangement, indicating that osteocartilagi- 
nous TMJ remodeling is a dynamic response to intraarticular 
soft-tissue disease [24, 28, 29]. Anomalous development, 
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mandibular condyle AVN [21, 23], and advanced stages of 
TMJ degeneration [5, 24] have been shown to result in 
acquired mandibular deformity (Figs. 1-12). Different varia- 
tions of degenerative-adaptive osteocartilaginous changes on 
occasion are noted simultaneously within opposite joints of 
the same individual (Fig. 10). Osteoarthritis, AVN, and regres- 
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Fig. 6.—Skeletofacial deformity due to re- 
gressive remodeling of right mandibular condyle 
in 34-year-old woman with 3-year history of pro- 
gressive right-sided temporomandibular joint 
pain and dysfunction. Skeletal occlusion intact 
at time of investigation. 

A, Axial 5-mm-thick MR image, 500/20, 
obtained with dual temporomandibular joint 
surface-coil apparatus reveals small right man- 
dibular condyle (curved arrow) and normal left 
condyle (straight arrow). Marrow signal is normal 
within both condyles. 

B, Closed-mouth sagittal image, 2200/25, of 
left joint reveals normal meniscus (arrow) and 
osseous structures. 

C and D, Closed-mouth images, 2200/25 (C) 
and 2200/80 (D), of right joint reveal anterior 
displacement and thickening of meniscus (white 
arrows) with upper-compartment effusion (black 
arrows) and normal marrow signal within small 
(compare with B) right mandibular condyle (as- 
terisk). 


Fig. 7.—Chronic headache, ear pain, and in- 
sidious occlusal changes due to nonreducing 
inflammatory temporomandibular joint arthrop- 
athy and regressive remodeling of mandibular 
condyle in 19-year-old woman. 

A and B, MR images show advanced derange- 
ment with anterior displacement and deformity 
of meniscus (curved arrows); elongated, thinned, 
but intact posterior attachment (small white ar- 
rows); and increased marrow fluid (large white 
arrow) suggesting edema and transient regional 
osteoporosis. Radiographs (not shown) revealed 
this diseased condyle to be smaller than on 
opposite side. Chin was displaced toward de- 
generated joint. 


sive remodeling of the mandibular condyle coupled with facial 
deformity most often occur as a consequence of TMJ soft- 
tissue derangement (Fig. 13). Exceptions to this include (1) 
instances of direct-impact trauma to a normal joint leading to 
either osteochondral fracture or AVN and subsequent os- 
teoarthritis, without damage to the meniscus and retrodiskal 
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Fig. 8.—Headache, neck, and temporomandibular joint pain with progressive retrognathia due to condylar subsidence associated with normal meniscus 
in 12-year-old girl (in orthodontic braces at time of study) with proved juvenile rheumatoid arthritis. Tomograms (not shown) revealed bilateral articular 
surface infractions of mandibular condyles coupled with osseous demineralization, interpreted to represent osteoporosis. 

A-C, Sagittal, 2500/20 (A) and 2500/80 (B), and coronal, 600/20 (C), MR images reveal normal meniscus (long arrows), joint fluid (small straight 
arrows), and depression of articular surface (curved arrows) of mandibular condyle (compare with Fig. 6B). Increased marrow signal (large white arrows) 
represents increased marrow fluid, believed to represent regional osteoporosis. Surgery was not performed. 


Fig. 9.—Mandibular condyle deformity due to 
old healed osteochondritis dissecans (trans- 
chondral fracture) sustained during jaw trauma 
2 years before imaging in 32-year-old woman 
with clinically “frozen joints” and severely re- 
stricted mouth opening. 

A and B, Sagittal closed-mouth MR images, 
2200/25 (A) and 2200/80 (B), reveal depressed 
central articular surface (black arrows) in center 
of mandibular condyle beneath slightly thick- 
ened, but normally positioned, posterior band of 
meniscus (white arrows). 

C and D, Adjacent coronal images, 800/20, 3 
mm thick (D anterior to C), reveal depressed 
central articular surface of condyle (black ar- 
rows) beneath thickened meniscus (white 
arrows). 
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Fig. 10.—Advanced bilateral joint degenera- 
tion with features primarily of osteoarthritis (A 
and B) and regressive remodeling (C and D) in 
50-year-old woman with long history of pain, joint 
dysfunction, episodic occlusal disturbances, and 
chin displacement toward C and D. 

A and B, Sagittal images, 2200/25 (A) and 
2200/70 (B), reveal severe displacement and 
degeneration of meniscus (curved arrows), nar- 
rowing of articular space (long straight arrows, 
compare with C and D), and subarticular cystic 
change (short straight arrows), tomographically 
confirmed. 

C and D, Meniscus (curved arrows) is ante- 
riorly displaced and degenerated. Note thinned 
but intact posterior attachment (white arrows) 
within maintained articular space (compare with 
A and B). Condyle (straight black arrows) ex- 
hibits predominantly regressive changes com- 
pared with A and B. 
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Fig. 11.—Rapidly progressive skeletofacial deformity and anterior open bite due to bilateral avascular necrosis of mandibular condyles in 29-year-old 
woman with 2-year history of bilateral joint pain and dysfunction and 10-week history of progressive retrognathia and anterior open bite. 

A, Lateral radiograph reveals decreased vertical dimension in posterior mandible (curved arrows), chin retrusion, and anterior open bite (white arrow). 

B and C, Closed-mouth sagittal, 2500/25 (B) and 2500/80 (C), MR images reveal surgically confirmed late-stage derangement of meniscus (large white 
arrows) and joint effusion (small white arrows). Healing, fractured cortical bone (straight black arrows) from articular surface lies above area of marrow 
edema (curved arrows). Zone of tomographically confirmed osseous healing and sclerosis (open arrows) lies above area of marrow edema in condylar 
neck (arrowheads). Pain was immediately relieved by meniscectomy, joint debridement, and reconstructive arthroplasty without alloplastic materials. 
Skeletal occlusion and facial deformity were stable and unchanged 15 months after surgery. 
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Fig. 12.—Severe condylar deformity and resorption (condylysis) due to 
old avascular necrosis in a 29-year-old woman with history of mandibular 
injury during adolescence and progressive skeletofacial deformity and 
malocclusion in recent years. Sagittal image, 600/20, 3 mm thick, reveals 
complete loss of marrow signal within deformed condyle (black arrow). 
Flattening of articular surface of temporal bone (white arrows) is due to 
osseous remodeling. 


a i 


Fig. 13.—Proposed relationships between meniscus derangement, os- 
teocartilaginous remodeling, and joint degeneration. Normal mandibular 
condyle, articular cartilage, and meniscus are on far left. Early remodeling 
and deformity of mandibular condyle and cartilage due to overlying menis- 
cus derangement is in middle. Osteoarthritis (upper right), avascular ne- 
crosis (middle right), and regressive remodeling (lower right) of mandibular 
condyle occur secondary to meniscus derangements in most cases. 
Straight arrows denote direction of disease progression. Note hypertrophic 
cortical bone and cartilaginous thickening along anterior margin of de- 
formed condyle in osteoarthritis. Curved arrows denote how osteoarthritis 
and avascular necrosis of mandibular condyle may precede or follow one 
another. Note thickened articular cartilage beneath deranged meniscus in 
regressive remodeling and compare with normal joint on left. 


soft tissues at the time of injury (Fig. 9); (2) barotrauma and 
systemic chemotherapy (especially steroids), which may di- 
rectly insult the condylar marrow and lead to AVN; and (3) 
systemic inflammatory diseases such as rheumatoid arthritis 
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(Fig. 8) and the connective tissue disorders, which may lead 
to osteocartilaginous degeneration without meniscus de- 
rangement [21]. In our experience, internally deranged joints 
appear to be more susceptible to additional insult and com- 
plications such as osteochondritis dissecans and AVN with 
episodes of trauma compared with normal joints [5, 21, 22, 
24, 27]. 


Osteoarthritis 


Osteoarthritis is the most commonly diagnosed degenera- 
tive joint disorder on radiologic studies and represents the 
end result of a wide variety of injurious processes [30]. In the 
TMJ, osteoarthritis (Fig. 10) is recognized both radiologically 
and surgically/pathologically by findings such as narrowing 
and/or obliteration of the articular space; mandibular condyle 
flattening; deformity and sclerosis; hypertrophic osteophytes 
at the articular surface margins; advanced displacement and 
degeneration of the meniscus, most often with perforation of 
disk attachments; and areas of erosion, healing, and marginal 
hypertrophy of the articular cartilage of the condyle and 
temporal bone (Figs. 10 and 13) [5, 24]. With the loss of 
articular cartilage, condyle flattening, and degeneration, there 
is progressive loss of vertical dimension within the condyle 
and condylar neck (proximal mandibular segment), often re- 
sulting in facial contour changes, as the chin moves poste- 
riorly and laterally toward the ipsilateral degenerated joint 
(Figs. 13 and 14) [4, 5, 21-24, 31]. Most often, osteoarthritis 
produces insidious skeletal changes, allowing simultaneous 
ipsilateral dental intrusion and realignment accompanied by 
contralateral realignment and/or eruption to occur as adaptive 
responses to proximal skeletal changes (Figs. 3 and 14) [22, 
24]. Major, long-term alterations in occlusion are avoided by 
this dental adaptation; however, fluctuating occlusion distur- 
bances such as transient posterior open bite are common 
during episodes of joint inflammation. Most osteoarthritic 
joints ultimately reach a state of clinical and radiologic stability 
[5]. This state of clinical stability can be disrupted by injury, 
systemic illness, and occlusal manipulations, which result in 
joint inflammation and renewed skeletal remodeling [21, 24, 
27). 


AVN 


AVN or aseptic necrosis of the mandibular condyle has 
been shown to be a common sequela of inflammatory joint 
derangement [21, 22]. Systemic disease, trauma, orthodon- 
tics, and orthognathic surgery all may lead to AVN of the 
condyle in a previously deranged joint; however, internal 
derangement of the TMJ with inflammation is the most com- 
mon cause of AVN (Figs. 1, 2, 11, and 12) [21, 22, 32]. With 
AVN, the articular surface of the condyle loses structural 
integrity and is prone to mechanical failure (fracture), leading 
to loss of vertical dimension (Figs. 11-13) [2, 4, 21-25, 27, 
32-36]. The rapid loss of vertical dimension frequently leads 
to major disturbances of occlusion, such as contralateral 
anterior open bite with ipsilateral posterior molar prematurity 
of contact and crossbite; this causes facial deformity and chin 
displacement toward the vertically collapsed joint (Figs. 1-3, 
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Fig. 14.—Effects of skeletal remodeling on occlusion and facial appearance. 
A, Slow, symmetric temporomandibular joint degeneration permits maintenance of side-to-side facial symmetry and intact occlusion. Red vertical line 


divides central incisors (arrows). 


B, Slow degeneration (regressive remodeling, osteoarthritis) of one temporomandibular joint and mandibular condyle (curved arrow) permits adaptive 
dental remodeling to maintain stable occlusion despite facial deformity. Note deviation of chin point (straight arrow) toward degenerated temporomandibular 


joint. Central incisors remain aligned relative to vertical line. 


C, Sudden decreased vertical dimension in temporomandibular joint (acute avascular necrosis, fracture, rapid regressive remodeling) may lead to 
ipsilateral premature contact of posterior dentition (long arrow), contralateral open bite (open arrows), and shifting of lower teeth and mandible toward 
degenerated joint. Note how low central incisors (small arrows) have shifted relative to vertical line despite less deviation of chin (large short arrow) 
relative to B. This explains how small, but abrupt, changes in joint dimension may lead to catastrophic occlusion disturbances. 


11, and 14) [2, 4, 21, 23, 24]. Various stages of AVN are 
often observed within the same joint on long TR/short and 
long TE MR studies, representing areas of ischemia, inflam- 
mation, necrosis, and repair (Fig. 11) [21, 22, 24]. Many cases 
of mandibular deformity are a result of AVN. AVN may develop 
within a quiescent osteoarthritic joint if the joint is stressed 
by trauma; iatrogenic manipulation; barotrauma; and/or sys- 
temic inflammatory illness, such as connective tissue disorder, 
pancreatitis, or exogenous steroid administration (Fig. 13) 
[21]. AVN leads to secondary osteoarthritis. 


Regressive Remodeling 


Regressive remodeling is clearly both a degenerative and 
adaptive process that differs from osteoarthritis and AVN 
clinically and radiologically [24]. In regressive remodeling, the 
osteocartilaginous response to meniscus displacement and 
degeneration is generally characterized by slow, insidious 
osseous remodeling and resorption leading to the loss of 
condylar mass and vertical dimension, without hypertrophic 
changes (Figs. 4-7 and 14). This loss of vertical dimension 
and mass appears to be mediated by osteoporosis (Figs. 5, 
7, and 8) [36]. Regressive condylar changes begin in the 
earliest stages of meniscus derangement and are typified by 
subtle widening of the articular space adjacent to the dis- 
placed meniscus (Figs. 4 and 5), suggesting that meniscus 
displacement and thickening provide the noxious stimulus for 
subsequent osteocartilaginous remodeling (Fig. 13) [24]. Both 
the articular surfaces of the temporal bone and mandibular 
condyle are observed to undergo these adaptive changes 
(Figs. 4-7). This regressive-adaptive process is often, but not 
necessarily, accompanied by insidious, adaptive dental 
changes that maintain comfortable occlusion and further ac- 
commodate the meniscus derangement (Figs. 2, 3, and 14) 


[2, 4, 5, 22, 24]. If condylar regression is rapid, occlusion 
disturbances will result (Figs. 8 and 14). In patients with either 
permanent oral (teeth) implants or fixed crown-and-bridge 
work and a fully splinted dental arch, any form of joint degen- 
eration that results in the loss of vertical dimension within 
either the joint or mandible may lead to profound malocclu- 
sion, as the teeth can no longer realign to accommodate joint 
changes. Externally visible chin displacement toward the 
smaller and more deranged joint is a common finding at initial 
Clinical and radiologic investigation. At surgery, these joints 
often exhibit either thinned, but intact meniscus attachments 
or perforations and normal articular cartilage. In some cases, 
articular cartilage may be hypertrophic (Fig. 4). 
Tomographically, there is either a normal or widened ante- 
rior superior articular space; this contrasts sharply to osteoar- 
thritis, in which the joint space is either narrowed or obliter- 
ated (Figs. 4, 5, and 10). There is a lack of hypertrophic 
osteophyte formation, and condylar marrow MR signal char- 
acteristics are either normal (Figs. 4 and 6) or exhibit increased 
marrow fluid (decreased T1 signal and increased proton den- 
sity and T2 signal relative to normal marrow), suggesting 
increased metabolic activity due to transient osteoporosis and 
bone resorption (Figs. 5, 7, and 8) [36-40]. It is impossible to 
distinguish early condylar AVN (ischemia/edema phase) from 
what we propose represents transient, regional osteoporosis 
of the condyle and/or proximal mandibular segment on the 
basis of MR signal changes alone [40]. Clinical observations 
of MR signal changes in the appendicular skeleton and fem- 
oral head suggest that early marrow edema (stage | AVN) 
and transient, regional osteoporosis are identical, represent- 
ing a spectrum of altered marrow physiology [38-40]. Radio- 
logically observed morphologic changes and clinical obser- 
vations help direct one toward a proper diagnosis. Joints 
exhibiting typical radiologic features of regressive remodeling 


have been observed to undergo AVN and structural collapse 
after stress, such as injury, orthodontics, and/or orthognathic 
surgery (Fig. 13) [2, 21, 24, 27]. 

Clinicians must ask the questions: “Why is this face chang- 
ing?” and “Why is this patient's occlusion unstable?” before 
endeavoring to alter skeletal relationships with dental appli- 
ances, orthodontic braces, and/or orthognathic surgical pro- 
cedures. In the absence of obvious fractures and/or missing 
teeth, the answer to these questions most often will be TMJ 
disease. MR imaging will be required to establish and stage 
this disease. Both failed orthodontic occlusion adjustment 
and orthognathic surgery may result from underlying TMJ 
arthropathy, as TMJ disease is a progressive disorder that 
may be exacerbated by skeletal manipulations [5, 21, 24]. 
The effects of childhood TMJ internal derangement on facial 
growth and development need to be fully investigated with 
MR. 

We recommend screening skull-mandible radiography, in- 
cluding submentovertex and open-mouth, jaw-protruded ra- 
diographs of the skull and mandible; this should be followed 
by closed- and open-mouth, lateral TMJ tomograms, followed 
by a surface-coil MR study of the TMJs and skull base in 
patients with acquired facial skeleton remodeling and/or de- 
ranged occlusion. Lateral radiographs of the mandible and 
facial bones are helpful in cases of anterior open bite, retro- 
gnathia, prognathism, and maxillary deficiency. 
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Book Review 


Magnetic Resonance of the Spine. By Dieter R. Enzmann, Robert L. DeLaPaz, and Jeremy B. Rubin. St. Louis: 


Mosby, 586 pp., 1990. $99 


This is a comprehensive book on MR imaging of the spine and 
spinal diseases. It has 12 chapters. The first chapter describes the 
basic principles of CSF flow. It provides a detailed exposition of the 
physiologic and physical basis of CSF motion and its imaging coun- 
terparts. An understanding of the CSF flow phenomenon is necessary 
for comprehension of the artifacts created by it. A full description is 
provided of gradient-echo imaging and the myelographic images that 
it creates. This chapter is perhaps the best one in the book. The 
second chapter deals with the imaging technique. A detailed table 
lists the suggested pulse sequences for different regions of the spine 
and for different disease processes. Most of the imaging protocols 
are those generally used now by most radiologists. The third chapter 
describes the physical basis and anatomic correlates of the MR signal 
in the spine and the spinal cord. The influence of water content in the 
disk and of the red marrow and of fat in the vertebrae is explained. 

The fourth chapter is an atlas that uses high-quality images to 
depict normal anatomy. The fifth chapter describes the congenital 
anomalies of the spine and the spinal cord. Because of my personal 
interest in this topic, it was a pleasure to read this chapter. The 
embryologic and morphologic bases of the anomalies are well de- 
scribed. The sixth chapter concerns trauma. Because of logistic 
problems, it is difficult to use MR imaging with acutely traumatized 
patients. Nonetheless, the ability of this technique to depict pathologic 
changes in the spinal cord (hematoma, contusion) is well recognized. 

The seventh chapter is on infection and inflammation. It establishes 
MR imaging as an unrivaled technique for all types of infectious and 
inflammatory disease processes. The use of chemical-shift imaging 
can depict diseases early in their course. The eighth chapter on 
tumors gives a detailed and profusely illustrated description of all 


types of tumors. It covers 121 pages. The ninth is a short chapter 
(13 pages) on demyelinating disease of the spinal cord. It covers the 
subject well though. 

The 10th chapter deals with degenerative disk disease. Much 
confusion and disagreement exist on the definitions and significance 
of disk herniation. Often, the radiologist’s interpretation of MR images 
is so nebulous that the clinician has difficulty applying that information 
to patient care. This chapter helps clarify some of these issues. The 
11th chapter concerns vascular malformations. It has nice descrip- 
tions and makes interesting reading. The last chapter is on syringo- 
myelia. The pathogenesis and MR morphology of this disease are 
covered in detail. 

This is a handsomely produced book. The text is easy to read and 
coherent. The subject matter is illustrated profusely, and the illustra- 
tions are carefully chosen and of high quality. The index is elaborate, 
and the bibliography is up to date. The book has considerable 
authenticity, as two of the authors have had an impressive personal 
experience with and input into the development of MR imaging of the 
spine and the spinal cord. This book has no significant weakness. 

Of the books that deal with MR imaging of the spine and the spinal 
cord, in my judgment, this book is perhaps the best of all. It contains 
something for everyone who has anything to do with the imaging of 
these structures. It should be especially useful for fellows who are 
training in neuroradiology and MR imaging. 
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Multiple Sclerosis in Adolescents: 
CT and MR Findings 


The MR and CT findings in 12 adolescents with multiple sclerosis were compared 
with reported findings in adults. The adolescent group showed a more striking female 
predominance, more severe disease characteristics, and more frequent infratentorial 
involvement. Cortical atrophy and abnormal iron accumulation in the basal ganglia were 
uncommon in the adolescents. Neither group demonstrated a correlation between 
symptom severity and either extent or location of disease as delineated by MR imaging. 
MR was more sensitive than CT in detecting demyelinating plaques. 


AJNR 11:489-494, May/June 1990; AJR 155:385-390, August 1990 


Multiple sclerosis (MS) is a rare disorder in children and adolescents, with this 
age group accounting for less than 1% of all cases [1]. Vague symptoms and an 
often erratic clinical course in this age group made it difficult to establish a diagnosis 
prior to the advent of MR imaging. While a few scattered case reports have 
appeared in the literature [2-4], no series has delineated the appearance of 
childhood MS on high-resolution CT and MR studies. We present the imaging 
spectrum based on a series of 12 documented cases. 


Subjects and Methods 


MR images obtained during the period from January 1985 to April 1989 of all children and 
adolescents either referred to the University of Utah for examination because of Clinically 
suspected MS or whose scans themselves were considered suggestive of demyelinating 
disease were reviewed. Fourteen such cases were found; 12 had CT/MR findings that 
suggested MS. Ten of the 12 patients were female (Table 1), and five were 17 years old or 
younger at the time of initial imaging. Seven patients had symptom onset in their mid to late 
teens but were 18 or older at the time of imaging. Only two patients, among the oldest in the 
series, had a definite clinical diagnosis of MS prior to MR scanning. Two other patients were 
referred for suspected MS but were found to have nondemyelinating disorders (one had a 
high cervical disk herniation with cord compression and the other had progressive idiopathic 
arteriopathy of childhood). The remaining 12 patients either had CSF studies consistent with 
MS (presence of oligoclonal banding or evidence of increased immunoglobulin synthesis 
rates), abnormal visual or somatosensory evoked potentials, or a subsequent relapsing- 
remitting or chronic-progressive course consistent with Clinically definite MS. 

Eleven patients had both plain and contrast-enhanced high-resolution axial CT scans. A 
double-dose delayed scan was obtained in one patient. Axial and sagittal T1- and T2-weighted 
axial MR scans were obtained at 1.5T in all 12 patients. In one patient, contrast-enhanced 
MR images were also obtained. MR scans were evaluated for foci of abnormal signal in the 
periventricular regions, both hemispheres, cerebellum, brainstem, and (in four patients) the 
spinal cord. The thalamus, putamen, and caudate nuclei were assessed for the presence of 
abnormally decreased signal on T2-weighted images. The MR index developed by Uhlenbrock 
et al. [5] was modified and used to assess disease severity in each case (Table 2). 
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TABLE 1: Case Material 
LL 
Age at Ageat 
Sex First First 
Symptoms Scan 


1 F 16 17 


Case 


No. Description 





18-month history of intermittent 
right-sided numbness, dif- 
fuse weakness 

Vague neurologic complaints of 
diffuse numbness, upper ex- 
tremity weakness 

3-year history of bilateral upper 
extremity tingling 

2-week history of right arm and 
leg numbness and tingling, 
weakness of left arm and leg 
(CSF was positive for oligo- 
clonal banding) 

Transient left facial numbness 
for 4 years; 3-week history 
of ataxia, diplopia 

5-year history of progressive 
neurologic deficits, clinical di- 
agnosis of MS; new onset of 
temporal visual field defects 

Visual symptoms only 

4-year history of visual difficul- 
ties, extremity numbness, 
speech difficulties, loss of 
bowel and bladder control; 
clinical diagnosis of MS; re- 
cent-onset seizures 

6-year history of intermittent, 
vague neurologic complaints 

“Flu” followed by lethargy; fa- 
cial numbness, hand incoor- 
dination 

Seizures, bilateral Babinski re- 
flexes; CSF positive for oli- 
goclonal bands 

10-day history of left upper lip, 
cheek, face, scalp numb- 
ness; CSF positive for oligo- 
clonal bands 


SS 


2 F 14 15 


3 F 17 20 


4 F 16 16 


11 M 17 18 


12 M 15 15 


Results 
CT 


Eleven patients had plain and contrast-enhanced brain CT 
scans (Table 3). When present, lesions were typically hypo- 
or isodense on plain scans, with variable enhancement after 
contrast administration. Differing degrees of plaque enhance- 
ment were often seen in the same patient varying from no 
enhancement in some low-density lesions to ring or inhomo- 
geneously increased density in others. Double-dose delayed 
scanning was performed in one patient and disclosed addi- 
tional lesions not identified on the immediate postcontrast 
study (Fig. 1). The three patients with spinal cord lesions who 
had negative brain MR studies also had normal CT brain 
scans. In all patients, more lesions were seen on MR than on 
CT (Table 3). 


MR Imaging 


Four patients had symptoms of a spinal cord lesion and 
thus had cord scans; all four had cord lesions (Table 3). Three 
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TABLE 2: Modified MR Index for Assessing MS Plaques* 
EE 
A. Periventricular plaques 
AO. No plaques 
A1. No more than five plaques, with single plaque not larger than 
8 mm, or one plaque larger than 8 mm and no more than 
three plaques; no confluence 
A2. More than five plaques, more than three plaques with one 
plaque larger than 8 mm, or two or more plaques larger than 
8 mm: in addition or exclusively, there is periventricular 
confluence but the bodies of the ventricles are mainly unaf- 
fected 
A3. More than 12 plaques and/or periventricular confluence, 
including the bodies of the ventricles 
B. Hemispheric plaques 
BO. No plaques 
B1. No more than five plaques 
B2. More than five plaques 
C. Cerebral atrophy 
C1. White matter atrophy 
C2. Focal cortical atrophy 
C3. Diffuse cortical atrophy 
C4. White matter and cortical atrophy 
D. Cerebellar plaques 
DO. No plaques 
D1. One or more plaques 
E. Brainstem plaques 
E0. No plaques 
E1. One or more plaques 
F. Spinal cord plaques 
FO. No plaques 
F1. One or more plaques 
G. Abnormal iron deposition in thalamus, putamen, and/or caudate 
nuclei 
GO. Normal signal 
G1. Decreased signal 


* After Uhlenbrock et al. [5]; category added for abnormal nonheme iron 
deposition. 


of these patients had a solitary focus of increased signal in 
the cervical cord and normal brain studies (Fig. 2); CSF was 
positive for oligoclonal bands in all three. The fourth patient 
had both thoracic and cervical cord lesions in addition to 
multiple lesions in the periventricular deep white matter char- 
acteristic of long-standing MS. Two of the patients had mild 
mass effect associated with their cord lesions. 

The remaining eight patients had multiple brain scans, but 
no spinal cord studies were performed. All but one (case 11) 
had supra- and infratentorial lesions (Fig. 3) with most having 
severe disease as evidenced by multiple confluent periventric- 
ular plaques and extensive white matter involvement (Tables 
2 and 3). Lesions were typically iso- or hypointense on T1- 
weighted images and hyperintense on T2-weighted studies 
(Fig. 4). Beveled or ring lesions with mixed signal on T1- 
weighted scans and various degrees of increased signal on 
proton-density scans were also common, as were ovoid 
plaques (Fig. 1D) that have recently been described in MS 
[6]. In the one patient who received MR contrast material, 
additional lesions were identified on the postcontrast study 
that were not seen on proton-density or T2-weighted studies. 

One patient with long-standing severe disease had cortical 
atrophy as well as abnormally decreased signal in the thala- 
mus, putamen, and basal ganglia on T2-weighted images 
(Fig. 5); none of the other 10 cases had evidence of these 
associated abnormalities. One patient had a biopsy-proved 
hypothalamic glioma in addition to florid MS. 
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TABLE 3: Radiologic Findings 


ss 





re CT Findings MR Findings MR Index” 
1 Brain: normal Brain: normal AO, BO, CO, DO, 
Cord: solitary intramedullary focus of EO, F1, GO 
increased signal on T2-weighted 
image at C6; mild mass effect 
2 Brain: single lesion Brain: multiple confluent periventric- A3, B2, CO, DO, 
with mild en- ular lesions with deep white mat- E1, F1, GO 
hancement ter and brainstem lesions. 
Cord: thoracic cord lesions, T2-T4 
3 Brain: normal Brain: normal AO, BO, CO, 
Cord: solitary intramedullary focus of CO, EO, F1, 
increased signal at C3-C4; no GO 
mass effect 
4 Brain: normal Brain: normal AO, BO, CO, DO, 
Cord: single midcervical intramedul- E0, F1, GO 
lary lesion; mild mass effect 
5 Brain: none Brain: multiple large brainstem, cere- A3, B2, CO, D1, 
bellar, and confluent periventricu- E1, GO 
lar lesions, iso- or hypointense on 
T1-weighted image, hyperintense 
on T2-weighted image 
6 Brain: multiple en- Brain: brainstem, cerebellar, and A3, B2, CO, D1, 
hancing confluent periventricular lesions, E1, GO 
plaques, deep iso- or hypointense on T2- 
cerebral white weighted image, hyperintense on 
matter; enhanc- T2-weighted image; hypothalamic 
ing suprasellar glioma 
mass 
7 Brain: single en- Brain: multiple confluent periventric- A3, B2, CO, D1, 
hancing pontine ular and brainstem lesions of vari- E1, GO 
lesion able signal on T1-weighted image, 
hyperintense on T2-weighted im- 
age 
8 Brain: multiple en- Brain: severe confluent periventricu- A3, B2, CO, D1, 
hancing lesions, lar, brainstem, cerebellar, and E1, G1 
centrum se- medullary plaques; generalized 
miovale cortical atrophy; corpus callosum 
atrophy; low signal in basal gan- 
glia 
9 Brain: multiple Brain: discrete brainstem and peri- A2, B2, CO, D1, 
periventricular ventricular lesions, hypointense on E1, GO 
low-attenuation T1-weighted image, hyperintense 
lesions, variable on T2-weighted image 
enhancement 
10 Brain: multiple iso- Brain: mixed-signal lesions, deep A3, B2, CO, D1, 
or hypointense white matter, brainstem, and cere- E1, GO 
lesions with bellum 
variable en- 
hancement on 
double-dose de- 
layed scans 
11 Brain: normal Brain: scattered foci of increased A1, B1, CO, DO, 
signal in periventricular white mat- E0, GO 
ter; two to three lesions not seen 
on T2-weighted image enhanced 
after contrast; posterior fossa nor- 
mal 
12 Brain: normal Brain: scattered supratentorial peri- A1, B2, CO, DO, 
ventricular nonconfluent foci of in- E1, GO 


* See Table 2 for descriptions. 


creased signal; solitary lesion at 
left fifth cranial nerve root in pos- 
terior fossa 
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Discussion 


Several striking differences between MS in adults and in 
our series of adolescents were readily apparent. The female 
to male ratio in most adult MS series varies from 1.4:1 to 
1.9:1. By contrast, 10 of our 12 patients with disease onset 
in adolescence were female. 

In the large series of adult cases reported by Uhlenbrock 
et al. [5], lesion severity as rated on their MR index varied 
widely from normal to severe. While three of our four adoles- 
cents with spinal cord lesions had normal brain MR studies, 
all but two of the nine cases with positive brain scans had 
severe disease characterized by the presence of either more 
than 12 plaques or confluent periventricular lesions (both 
males in our series had mild disease). 

While cerebellar and brainstem lesions were seen in only 
one third and 14% of adults, respectively, in the Unlenbrock 
series, seven of the 10 adolescents had cerebellar plaques 
and eight of 10 had brainstem disease even though symptoms 
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Fig. 1.—Case 10: 17-year-old girl with facial 
numbness and hand incoordination. 

A, Axial CT scan without contrast shows low- 
density lesion in posterior right temporal lobe 
(arrow). 

B, CT scan immediately after contrast admin- 
istration shows no change in attenuation of the 
posterior temporal lobe lesion. 

C, Double-dose delayed CT scan shows ad- 
ditional lesions (arrows) not apparent in A or B. 

D, MR image (2700/30/1) through midventri- 
cular level shows multiple lesions (black arrows) 
not seen on CT. Note “beveled” or “target” ap- 
pearance of lesion in posterior limb of left inter- 
nal capsule (outlined arrow). The ovoid plaque 
may represent perivascular demyelination as de- 
scribed by Horowitz et al. [6]. MR revealed nu- 
merous other plaques in this patient that were 
inapparent on CT, even with double-dose con- 
trast enhancement. (Case courtesy of Dr. A. 
Wirthlin, Salt Lake City, UT.) 


of posterior fossa involvement were often lacking. In contrast, 
cortical and white matter atrophy were seen in only one of 
the adolescents, manifested by sulcal enlargement and thin- 
ning of the corpus callosum. The relative lack of brain atrophy 
may reflect comparatively short disease duration in spite of 
its severity (30-70% of all patients with MS require at least 
ambulatory assistance 15 years after symptom onset) [7]. 

Other investigators report the presence of abnormally de- 
creased signal intensity in the thalamus or putamen on T2- 
weighted images in 90% of adults with MS [7], probably 
secondary to nonheme iron deposition. Only one of the 12 
adolescents had such findings; this patient had the most 
severe, long-standing disease in our series. 

While we did not actually grade clinical impairment by using 
the Kurtzke score, severity of symptoms in our series did not 
correlate with disease extent as seen on MR scans (Tables 1 
and 3). Some patients (e.g., case 7) with severe disease on 
MR had minimal symptoms. This lack of correlation between 
clinical data and imaging findings is consistent with the results 
reported for adults [8, 9]. 
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Fig. 2.—Case 3: 20-year-old woman with 3- 
year history of bilateral upper extremity pares- 
thesias; normal brain scan. Sagittal MR image 
(2500/80/1) shows solitary focus of increased 
signal in midcervical cord (arrow). 


Fig. 3.—Case 6: 22-year-old woman with 5- 
year history of facial numbness; recent onset of 
ataxia, diplopia, and visual-field defects. Coronal 
MR image (2500/20/1) shows extensive con- 
fluent periventricular deep white matter and 
brainstem disease (arrows). 


Fig. 4.—Case 9: 22-year-old woman with 6- 
year history of vague neurologic complaints. 

A, Axial MR image (600/20/2) shows low sig- 
nal foci in brainstem (arrows). 

B, Hypointense lesions seen in A become 
hyperintense (arrows) on this T2-weighted scan 
(2800/70/1). 
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Fig. 5.—Case 8: 21-year-old woman with 4-year history of progressive visual difficulty, upper extremity numbness, and urinary urgency and frequency; 
recent onset of seizures. Presumptive diagnosis of MS (CSF positive for oligoclonal bands) was questioned because seizures are uncommon in MS. 

A and B, Axial (A) and coronal (B) MR scans (2500/70/1) show extensive confluent periventricular and deep white matter lesions. Note striking low 
signal in basal ganglia (outlined arrows in A-C). 

C, More anterior coronal section shows cortical atrophy with dilated sulci (black arrows). Note marked thinning of the corpus callosum on B and C. 
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CT was less sensitive than MR in all patients studied with 
both methods (Table 3). Five of our patients had solitary or 
multiple low-density foci on CT with variable enhancement of 
at least one lesion. In the one patient who had a double-dose 
scan, enhancing foci were identified on the delayed scan that 
were not apparent on the immediate postcontrast study. 
Other authors have also noted that acute lesions display 
enhancement on delayed scans after administration of high- 
dose contrast material while chronic lesions remain un- 
changed. In all cases more lesions were seen on MR than on 
CT. 

Of interest are the two other adolescents whom we 
scanned for clinically suspected MS. One, an 18-year-old 
woman with a 3-year history of intermittent upper extremity 
weakness and paresthesia, had a normal MR brain scan. The 
sagittal T1-weighted series disclosed C3-C4 disk herniation 
with cord compression. Diskectomy resulted in complete relief 
of symptoms. A 13-year-old girl with left upper extremity 
weakness had numerous dilated vascular channels seen on 
MR. Idiopathic progressive arteriopathy of childhood (Moya- 
Moya-type pattern) was confirmed at angiography. MR is 
extremely helpful in distinguishing these and other clinical MS 
mimics from true demyelinating disease. 


Conclusions 


On the basis of this small series of 12 adolescents, we 
conclude that female predominance as well as the frequency 
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of MR-demonstrated lesions in the cerebellum and brainstem 
appear to be higher in adolescents than that usually encoun- 
tered in adults. Atrophy and abnormal iron deposition were 
uncommon in the adolescents. 
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Biliary Endoprosthesis 
Dysfunction in Patients with 
Malignant Hilar Tumors: Successful 
Treatment by Percutaneous Replacement 
of the Stent 


Symptoms caused by malignant hilar bile duct tumors are often pailiated by the 
insertion of a percutaneous biliary endoprosthesis. However, these often occlude early 
and may be difficult to replace. We have reviewed our experience with percutaneous 
replacement of endoprostheses in 17 patients with 31 episodes of stent dysfunction. 
The stent was changed successfully in 30 of the 31 attempts. The average durations of 
initial and subsequent stent patencies were 28 and 20 weeks, respectively. Significant 
acute complications occurred in three patients, one of whom had a perihepatic abscess 
and two of whom had septicemia. Two patients died within 30 days of their last stent 
change. The one patient in whom attempted insertion of a new stent was unsuccessful 
had to remain on continuous external catheter drainage. The occluded or migrated 
endoprosthesis was successfully removed either percutaneously (55%) or endoscopi- 
cally (26%) in 25 of the 31 cases. Successful removal of the stent and reinsertion after 
blockage or migration is possible in most patients. 

Our experience suggests that patients with malignant obstruction of the bile duct 
should not be refused an indwelling endoprosthesis just because of the frequent 
occurrence of early occlusion of the stent. 
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insertion of a percutaneous transhepatic endoprosthesis is a recognized option 
for the palliative treatment of inoperable malignant strictures of the bile duct 
involving the liver hilum [1-6]. One of the major criticisms of endoprostheses, 
however, is the difficulty of replacing or exchanging them percutaneously when 
they become occluded. For this reason, some radiologists reserve endoprostheses 
for patients with a very short life expectancy or for those who are unable to manage 
an external catheter [7]. 7 

Many reports on long-term patency of endoprostheses have been published [8- 


11]. However, no information is available on stent patency or on patients’ survival 


after repeated stent replacement. We present our experience with changing stents 
in 17 patients with common duct obstruction due to malignant hilar tumors. 


Subjects and Metheds 


Between 1985 and 1989, 12 men and five women (age range, 26-80 years; mean, 57 
years) with malignant inoperable strictures of the bile duct had recurrent jaundice and/or 
cholangitis after insertion of a percutaneous transhepatic endoprosthesis. The malignant 
tumors in these patients were hilar cholangiocarcinoma in 12, metastatic colonic carcinoma 
to hilar nodes in three, gallbladder carcinoma in one, and hepatoma in one. 

Stent dysfunction occurred 31 times in these 17 patients (range, 1-7 per person), and an 
attempt was made to change the stent each time. Dysfunction of the first stent (n = 17) was 
due to blockage in 11 patients (65%), to migration of the endoprosthesis in four (23%, one 
Miller stent and three Carey-Coons stents), and to tumor overgrowth in two (12%, one 
cholangiocarcinoma and one hepatoma). Dysfunction of second and subsequent stents (n = 
14) was due to blockage in 12 patients (86%), tumor overgrowth in one (7%, cholangiocar- 
cinoma), and too proximal a stent insertion in one (7%). 





392 JACKSON ET AL. 


On admission, every patient underwent sonography and percuta- 
neous transhepatic cholangiography to confirm stent dysfunction 
(Figs. 1A and 1B). If blockage or migration of the stent had occurred, 
we proceeded immediately to internal/external or external biliary 
drainage. 

A variety of methods were used to displace the occluded stent. If 
possible, the stent was pushed through into the bowel. If this was 
impossible, either the stent was bypassed and internal/external biliary 
drainage instituted, or an external catheter was left in situ (Fig. 1C). 
Often the stent could be removed percutaneously 24-48 hr later, but 
when this failed those stents that protruded into the duodenum were 
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removed endoscopically. Occasionally, both of these methods of 
removal failed, and the occluded stent had to be left in situ, with the 
new stent placed next to it. 

Forty-eight hours after internal/external drainage and removal of 
the stent, the patient returned for insertion of another percutaneous 
transhepatic endoprosthesis (Fig. 1D). An external catheter was left 
in situ after the procedure for a cholangiogram 24 hr later to confirm 
good position and patency of the stent, after which the catheter was 
removed. Replacement of a stent was considered successful if the 
patient’s pruritus and cholangitis resolved and the serum levels of 
bilirubin and alkaline phosphatase decreased. 


Fig. 1.—Replacement of a percutaneous 
transhepatic endoprosthesis in a patient with 
malignant obstruction of bile duct due to met- 
astatic adenocarcinoma. 

A, Cholangiogram after insertion of original 
stent shows decompression of intrahepatic bile 
ducts and free flow of contrast medium via dou- 
ble mushroom Miller endoprosthesis into distal 
common bile duct and duodenum. 

B, Cholangiogram obtained 9 months later, 
because patient had pruritus and jaundice, 
shows dilatation of intrahepatic bile ducts above 
endoprosthesis and poor drainage. 

C, 5-cm Miller endoprosthesis has been 
pushed into duodenum and internal/ external bil- 
iary drainage instituted. 

D, Replacement 10-cm Miller endoprosthesis 
has been introduced. Cholangiogram shows free 
drainage through stent into distal common bile 
duct and duodenum. 
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Results 


New stents were introduced successfully in 30 of the 31 
attempts. In five patients, the replacement stent had to be 
inserted next to the initial, blocked endoprosthesis, which 
could not be removed. 

The average duration of initial stent patency in the 17 
patients was 28 weeks (range, 5.4-115 weeks). Second and 
subsequent stents (n = 29) in 15 patients (one patient had 
been lost to follow-up, and in one patient an attempt to change 
the stent was unsuccessful) remained patent for an average 
of 20 weeks (range, 1-68 weeks). Four of these patients are 
still alive and asymptomatic, with stent patencies of between 
1 and 40 weeks. 

The mean time from initial insertion of the stent to death or 
present follow-up in 16 patients (one patient lost to follow-up) 
is 68 weeks (range, 14-214 weeks). Fourteen (88%) of these 
patients had their initial stent placed at least 40 weeks before 
death or present follow-up, and four are alive and well with 
survival times of 40, 50, 134, and 214 weeks. These four 
patients have had one, two, seven, and two successful stent 
changes, respectively, with proved hilar malignant tumors: 


metastatic colonic adenocarcinoma (patient who has survived.«. s. 


50 weeks) and cholangiocarcinoma (remaining patients). 

Significant acute complications relating to the 30 successful 
replacements of the stent were seen in only three patients; in 
one, a perihepatic abscess developed after displacement of 
an external biliary drain, which required percutaneous drain- 
age. The other two patients had septicemia with hypotension 
and positive blood cultures after the initial drainage; both of 
these patients recovered rapidly with IV fluids and antibiotics. 

Nine patients had a transient pyrexia after one or more of 
their biliary procedures. Three patients had cholangitis and 
intrahepatic abscesses due to an occluded endoprosthesis. 
All three patients recovered rapidly after biliary drainage. Two 
patients died within 30 days of successful replacement of 
their stents. One died of disseminated malignancy despite 
decreasing levels of bilirubin and relief from pruritus. The 
other patient died of unrelieved cholangitis. and septicemia; 
satisfactory biliary drainage was not achieved in this patient, 
who also had widespread metastatic disease. 

The only patient whose stent could not be removed or 
bypassed had to remain on external biliary drainage. 

One patient, who had had a successful replacement, again 
had symptoms suggestive of stent blockage. After external 
biliary drainage, he discharged himself from the hospital be- 
„ fore any attempt was made to remove his stent; this case 
has therefore not been included in our results. 

The mean hospital stay for each attempted change of the 
stent in all 17 patients was 20 days. This average includes 
one patient who remained in the hospital for 78 days because 
of an initial unsuccessful surgical drainage of segment Ill 
before placement of a second stent. Another patient remained 
in hospital for 35 days with an internal/external catheter for 
adjuvant iridium-192 wire radiotherapy before placement of a 
second stent. The mean hospital stay for the remaining 15 
patients was 15 days. 


PERCUTANEOUS REPLACEMENT OF STENT 393 


TABLE 1: Method of Stent Removal 


eee 


Percu- Endo- Left in 
Stent Number taneous scopic Situ 

(55%) (26%) (19%) 
Miller 14 8 4 2 
Carey-Coons 8 7 1 0 
Spiral 6 0 3 3 
Preben Boye Nielson 2 2 0 0 
Wallstent 1 0 0 1 





Note.—Six of the Carey-Coons stents removed percutaneously were 
pushed into the duodenum. One was removed by withdrawal with an angio- 
graphic balloon catheter. : 


Percutaneous removal of occluded stents was successful 
in 55% of patients (Table 1). Percutaneous removal of Miller 
endoprostheses (Wiliam Cook Europe, Bjaeverskov, Den- 
mark) by pushing them into the small bowel has been de- 
scribed [12]. This method was used successfully to remove 
eight (57%) of the 14 occluded Miller endoprostheses. On 
four occasions (29%), the Miller stent was removed endo- 
scopically. In two patients, it was impossible to remove the 
Miller endoprosthesis; in both cases the proximal mushroom 
was kinked, and neither the proximal nor the distal mushroom 
could be catheterized successfully. One of these patients had 
to remain on external drainage; in the other, a stent was 
positioned by the side of the original endoprosthesis. 

The majority (87%) of the Carey-Coons (Medi-tech, Water- 
town, MA) and both Preben Boye Nielson (Polystan GB Ltd, 
Nottingham, England) endoprostheses were removed percu- 
taneously by pushing them through into the bowel. One. of 
the Carey-Coons stents was withdrawn through the skin by 
using an angiographic balloon catheter. When percutaneous 
techniques were unsuccessful, endoscopic removal was per- 
formed if the tip of the stent protruded from the papilla of 
Vater. 

Of the six spiral endoprostheses {Wiliam Cook Europe, 
Bjaeverskov, Denmark) used in these patients, three were 
removed at endoscopy and the others had to be left in situ. 
The one patient who had a metallic self-expandable Wallstent 
endoprosthesis (Medinvent SA, Lausanne, Switzerland) in- 
serted, returned just 2 weeks later with recurrent jaundice. A 
percutaneous transhepatic cholangiogram showed tumor (co- 
lonic metastasis) around the distal end of the stent. Review 
of this patient’s initial stent insertion showed that the metallic 
endoprosthesis had been placed too proximally in relation to 
the tumor. A Miller endoprosthesis was inserted through the 
metallic stent to allow free drainage with a good radiologic 
result. The patient is presently anicteric. 

The palliation achieved in terms of relief of pruritus and 
cholangitis was good after 28 of the 30 successful replace- 
ments. Serum bilirubin and alkaline phosphatase values were 
available both before the initial endoprosthesis insertion and 
after the final change in 12 patients. The bilirubin (normal = 
2-13 umol/1) fell from a mean of 355 umol/1 (range, 44-626 
umol/1) to a mean of 69 umol/1 (range, 10-178 pzmol/1). The 
alkaline phosphatase level (normal = 30-130 IU/1) fell from a 
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mean of 880 IU/1 (range, 418-2112) to a mean of 516 IU/1 
(range, 135-978). 


Discussion 


Symptoms associated with malignant bile duct tumors in- 
volving the hilum of the liver are often palliated by the insertion 
of a percutaneous transhepatic endoprosthesis. Some au- 
thors, however, have reverted to internal/external or purely 
external catheter drainage for several reasons: the patient’s 
discomfort during insertion of the stent, long procedure times 
together with a high dose of radiation to the operator, and 
significant complication rates [13, 14]. Furthermore, some 
radiologists and clinicians have become disenchanted with 
the technique because of the often short-lived patency of the 
stents; the patient has recurrent jaundice and/or cholangitis 
within a few months or even weeks after insertion. 

Patients who have dysfunction of their biliary endopros- 
thesis pose a probiem for the radiologist, who often thinks 
that the blocked stent may prevent or hinder new attempts 
at internal/external drainage. Many of these patients are left 
on permanent internal/external or external drainage after no 
or only half-hearted attempts to remove the stent. Some 
radiologists consider stent occlusion a potentially terminal 
event and may not offer further palliative drainage [8, 10, 
14]. Few hospitals offer routine stent replacement. However, 
some departments, including our own, consider that the 
benefits of an indwelling endoprosthesis far outweigh those 
of an external catheter. The major disadvantages of the latter 
are that they are uncomfortable, and they are prone to dis- 
lodgment, to leakage of bile and ascitic fluid, and to infection; 
probably most importantly, they are a continual reminder to 
the patient that he has a terminal disease [2, 4, 5]. 

All patients who are referred to our department with inop- 
erable malignant bile duct strictures at the liver hilum have a 
percutaneous transhepatic endoprosthesis placed if techni- 
cally possible, whatever their prognosis. Occluded stents are 
replaced. Several papers [12, 15-18], many of which are case 
reports of one or two patients, describe a variety of methods 
for unblocking or removing stents, but these procedures 
apparently have not become routine practice in most hospi- 
tals. Our results show that it is nearly always possible to 
either displace or at least bypass the blocked endoprosthesis 
in these patients and insert a new stent. In many cases, the 
oirignal endoprosthesis can be removed percutaneously dur- 
ing the initial percutaneous transhepatic cholangiography and 
drainage, allowing insertion of another stent 48 hr later or 
even during the same procedure when a self-expandable 
metallic endoprosthesis is used. 

it is, however, extremely difficult to remove spiral endo- 
prostheses percutaneously because the proximal end hole of 
these stents is usually not facing in a favorable direction to 
allow catheterization with a catheter and wire [19]. These 
stents should be reserved for patients with a relatively short 
life expectancy to avoid leaving a potentially infected foreign 
body in the biliary tree when a new stent is introduced. 
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The time spent in the hospital for a stent change varies. It 
depends on the condition of the patient on admission, com- 
plications of the procedures (such as catheter displacement, 
as occurred in one of our patients), and whether adjuvant 
therapy is given. In general, patients can expect to remain in 
hospital for 7-10 days for an uncomplicated replacement. 
With the introduction of self-expandable metallic endo- 
prostheses [20], the hospital stay may be reduced, because 
these stents often can be introduced in a one-stage proce- 
dure. 

All sixteen patients in whom stent change was successful 
reported palliation of their symptoms, with average second 
and subsequent stent patencies of 20 weeks. Furthermore, 
14 of these patients, of whom four are still alive, had their 
initial stent placed at least 40 weeks before death or follow- 
up. 

Our patients are a selected group in that 11 of them had a 
proved diagnosis of cholangiocarcinoma, which typically is a 
slow-growing tumor. However, three patients who had their 
initial stent placed more than 40 weeks earlier had obstruction 
of the bile duct due to metastatic colonic (two) and rectal 
(one) adenocarcinoma. 

The low procedure-related complication rate seen in the 31 
attempted replacements is particularly notable. We think that 
one of the main reasons for this is that patients are advised 
to refer themselves to our hospital as soon as symptoms of 
cholangitis or pruritus occur. They therefore are admitted 
within a few days of the onset of symptoms, when they are 
generally in a good clinical condition and thus are able to 
withstand the procedures. All 12 patients in whom biochemi- 
cal results were available had a reduced serum level of 
bilirubin, but only two of them had levels within normal limits 
after the procedure. This is partly explained by the fact that 
many of the bilirubin values were obtained only a few days 
after insertion of a stent before the patients were discharged 
from the hospital. In many patients, further serum biochemical 
studies have not been done. The mean reduction in serum 
bilirubin is therefore probably much greater than that calcu- 
lated here. Furthermore, it has been noted [4] that estimations 
of bilirubin often do not return to baseline values in patients 
who have undrained, obstructed hepatic ducts. The majority 
of our patients fall into this category, as it is our policy to 
drain only as many of the obstructed ducts as are necessary 
to relieve symptoms. 

In summary, we think that patients with inoperable malig- 
nant obstruction of the bile duct involving the liver hilum 
should be offered an indwelling endoprosthesis, whatever 
their prognosis. An occluded stent can be removed and 
replaced, or at least bypassed, in practically all patients, 
thereby maintaining palliation of symptoms. 
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Book Review 


Radiographic Anatomy. A Working Atlas. By Harry W. Fischer. New York: McGraw-Hill, 205 pp., 1988. $19.95 


The need for an inexpensive yet well-illustrated atlas of radio- 
graphic anatomy for first-year medical students is defined by the 
author in a short preface. A brief chapter on the terminology of basic 
radiographic positioning follows. The remaining text consists of paired 
illustrations: the left-hand pages consist of outline drawings of ana- 
tomic structures and the right-hand pages have corresponding radio- 
graphs or other types of radiologic images. 

Most forms of radiography and specialized imaging are included; 
most illustrations are radiographs of the chest or of the skeletal, 
gastrointestinal, or genitourinary systems. Interspersed at appropri- 
ate intervals are nuclear medicine images, angiograms, CT scans, 
and MR images. Mammograms (some of which are too dark), bron- 
chograms, inferior venacavograms, angiocardiograms of adults and 
children, and coronary angiograms are included. No pathologic le- 
sions are presented. This text is strictly for anatomic identification. 

The author specifically has excluded sonograms on the premise 
that they are too complex for the first-year medical students. The 
book has no material on neuroanatomy. CT scans and MR images 
of the brain and spinal cord are not included. This omission is 
deliberate as the author states that neuroanatomy is taught as a 
separate subject in most medical schools and would require an entire 
separate text. 

The choice of radiographs and special images to illustrate the 
anatomic structures is generally excellent. It is marred only by too 
heavy printing and/or selection of overexposed radiographs initially. 
The line drawings are also generally excellent. Some errors of iden- 
tification are present, and the choice of terms is either incorrect or 
tends to be radiologic rather than truly anatomic. For example, on 
page 2, the “lateral border of humerus” is actually the lateral or axillary 
border of the scapula. On pages 64-65, the structures identified as 
“partially calcified cricoid cartilage” are almost certainly, in part, thy- 
roid cartilage. On page 142, the drawing does not separate the area 


of the fourth portion of the duodenum or the site of the suspensory 
ligament of the duodenum, so that the point marked “duodenaljejunal 
junction” is too low. 

With respect to choice of terms, several of those mentioned no 
longer are used and are not included in the Nomina Anatomica 
(Excerpta Medica, 1977). Others are simply words and phrases that 
are used in the day-to-day vernacular of clinical practice, but which 
should not be dignified in a teaching text. Among these, “greater and 
lesser multangular” (today, trapezium and trapezoid) have been out 
of the Nomina since before 1964 and are not being taught to medical 
students. The use of “femoral artery and vein” as distinct from the 
true “deep” or profunda branches has been blurred further by the 
dropping of the word “superficialis” from the main femoral artery. As 
a result the distinction of deep vs superficial femoral vessels, partic- 
ularly on the venous side of the circulation, almost always is erroneous 
in both surgical and radiologic angiographic reports. 

The use of “ring C-1” is a common error; it should be “arcus 
anterior” or anterior arch of C1. The maxilla has no “malar” process. 
The term “innominate” artery, which is used frequently for the bra- 
chiocephalic artery (or vein), was eliminated from the Nomina in the 
1964 revision and is not used in several (10) recently published 
anatomic texts used for teaching medical students. The term “bron- 
chus intermedius,” although often used, is not in the Nomina at all; 
the more precise term, if used at all, is “interlobar bronchus.” 

In summary, the conceptual design of this inexpensive text should 
be popular and useful for first-year medical students. It will be 
necessary for the individual instructor to clarify some illustrations and 
to discuss with students the various usages and origins of some of 
the terms. 
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CT Anatomy of the Internal 
Mammary Vessels: Importance in 
Planning Percutaneous Transthoracic 
Procedures 


Knowledge of the anatomy of the internal mammary vessels is important to avoid 
hemorrhagic complications when an anterior parasternal approach is used for percuta- 
neous transthoracic procedures such as biopsy and empyema drainage. We examined 
100 consecutive CT scans of the thorax to assess both the number of internal mammary 
vessels and their relation to the sternum. The mean distance from the sternum to the 
most medial vessel, the internal mammary vein, was 1.03 + 0.25 cm on the right side 
and 0.98 + 0.23 cm on the left side. The mean distance from the sternum to the most 
lateral vessel, the internal mammary artery, was 1.57 + 0.30 cm on the right and 1.47 + 
0.30 cm on the left. Three internal mammary vessels were present in 20% of cases on 
the right side and in 18% on the left side. In nine patients, the internal mammary artery 
was greater than 2.0 cm from the lateral border of the sternum. 

We recommend an approach that is greater than 2.5 cm from the sternal border when 
performing parasternal percutaneous transthoracic procedures in order to avoid hem- 
orrhagic complications from injury to the internal mammary vessels. A “safe” window 
does exist medially between the sternal border and the internal mammary vein but 
should be used only in procedures performed under CT guidance. 
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Percutaneous transthoracic procedures such as needle biopsy of the lung or 
mediastinum and drainage of pleural fluid collections have become common. 
Although the majority of these procedures are performed safely, complications do 
occur. We recently reported two cases of near fatal intrathoracic hemorrhage 
caused by puncture of the internal mammary artery during percutaneous transtho- 
racic procedures [1]. Although the anatomy of the internal mammary region has 
received recent attention in the radiologic literature [2-4], no large studies have 
documented the CT anatomy of these vessels, precisely defining their location 
relative to the sternum. This information is helpful when planning an anterior 
parasternal biopsy or drainage procedure. We examined 100 CT scans of the chest 
and defined more precisely the anatomy of the internal mammary vessels and their 
relation to the sternum. 


Materials and Methods 


A total of 100 consecutive CT scans of the chest were examined. This encompassed a 
group of patients ranging in age from 5 to 96 years old, and included 56 males and 44 
females. No scans were excluded because of age or sex of the patient, diagnosis, or inability 
to visualize the internal mammary vessels. All scans were obtained with a GE 9800 unit 
(General Electric Medical Systems, Milwaukee, WI). Contiguous 10-mm slices were obtained 
during inspiration from the lung apex to the diaphragm (2-3 sec, 200 mA, 120 kV). Esophageal 
contrast material was routinely used and 19 studies were performed with IV contrast material, 
usually given as a bolus of 50 ml followed by a drip infusion. 

Measurements of the distance between the internal mammary vessels and the lateral 
border of the sternum were obtained by using the cursor on the CT scan computer console 
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(60 cases) or manually (40 cases). Measurements were obtained at 
a location between the aortic arch and the main pulmonary artery. 
Note was made of the number of vessels visualized on each side of 
the sternum. 

The data were sorted by computer into histograms and ultimately 
were normalized to gaussian curves. 


Results 


On three of the 100 scans, the internal mammary vessels 
were not visualized on either side of the sternum. In an 
additional five they were not seen on the left side, and in two 
they were not seen on the right side. The factors responsible 
for nonvisualization included recent sternotomy (five cases), 
lack of contrasting fat in very young patients (two cases), and 
anterior mediastinal disease (three patients). 

Figure 1A displays the distance of the most medial vessel 
visualized from the lateral border of the sternum on both the 
right and left sides. On the right side, this distance ranged 
from 0.42 to 1.66 cm (mean + SD, 1.03 + 0.25 cm). On the 
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Fig. 1.—A and B, Distances of most medial (A) and lateral (B) mammary 
vessels from sternal margin, normalized to gaussian distribution. Mean 
(m) and standard deviation (sd) for both right and left sides are included. 
The medial vessel is the vein and the lateral is the artery (see text). 
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left side, this distance ranged from 0.50 to 1.58 cm (mean + 
SD, 0.98 + 0.23 cm). Differences between the two sides were 
not statistically significant, indicating relative anatomic sym- 
metry. On the basis of cadaveric studies, this vessel was 
identified as the internal mammary vein (see Discussion). 

Figure 1B is a similar display of the data for the most lateral 
vessel visualized. This vessel is the internal mammary artery. 
The mean distance of this vessel from the lateral border of 
the sternum was 1.57 + 0.30 cm on the right side and 1.47 
+ 0.30 cm on the left. The vessel was 1.05-2.38 cm from the 
sternum on the right side and 0.98-2.42 cm on the left. Again, 
the difference between right and left sides was not statistically 
significant. 

We visualized three internal mammary vessels on the right 
side of the sternum in 20 of 100 cases and on the left in 18. 
In these cases, the mean distance of the most lateral vessel 
(artery) was 2.0 cm from the sternum (SD = 0.16 cm on the 
right and 0.19 cm on the left). 


Discussion 


An anterior parasternal approach for the biopsy of medias- 
tinal or pulmonary abnormalities or for drainage of pleural 
collections is recommended by many interventionalists [5, 6]. 
Documented complications of percutaneous transthoracic 
procedures are almost always due to laceration of pulmonary 
vessels and airways and include pneumothorax, minor bleed- 
ing, and hemoptysis [5-11]. In addition to these complica-. 
tions, one must be aware of the location of the internal 
mammary vessels when using an anterior parasternal ap- 
proach (Fig. 2). Inadvertent puncture of the internal mammary 
artery is potentially fatal [1]. 

Anatomic texts [4, 12] state, on the basis of cadaveric 
studies, that the internal mammary artery arises from the 
undersurface of the first portion of the subclavian artery, 
opposite the thyrocervical trunk, about 2 cm above the clav- 
icle. It then descends posteriorly to the costal cartilages of 
the first six ribs at a distance of approximately 1.25 cm from 
the lateral margin of the sternum [4, 12]. Each artery is 
accompanied by two veins that ascend medial to the artery 
and unite to form a single vein before draining into the 
corresponding brachiocephalic vein. The precise location of 
this venous bifurcation has not been documented. Scatarige 
et al. [3] recently reported results after having examined 36 
control subjects with parasternal sonography. They found the 
internal mammary vessels somewhat difficult to identify on 
transverse scans. In addition, they never visualized the three 
vessels that we saw in approximately one of five patients. 
Furthermore, they found no mammary arteries that were 
farther than 2.0 cm from the sternal margin, whereas nine of 
the arteries we imaged were at least this far away. 

Our data show that there is a vein approximately 1.0 cm 
from the sternum and an artery approximately 1.5 cm away, 
but there is significant variation in position. We imaged three 
vessels in 20% of cases, at a level below the venous bifur- 
cation (Fig. 3). Inability to visualize two veins for each artery 
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in all patients is a function of resolution as well as anatomic 
variation. Although the number of cases in which three vessels 
were seen is relatively small, the mean distance of the artery 
from the sternum in these cases (2.00 + 0.19 cm; range, 
1.85-2.42 cm) is significant in that it accounts for a number 
of instances in which the internal mammary artery was quite 
distant from the sternum. Even when only two vessels are 
visualized, the artery can be significantly beyond the quoted 
distance of 1.25 cm from the lateral sternal border. In some 
cases the artery was as much as 2.5 cm from the lateral 
margin of the sternum (Fig. 4). It is these arteries that are at 
particularly high risk when an anterior parasternal approach 
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is used for biopsy or drainage. The quoted anatomic distance 
of 1.25 cm is not reliable. 

We do not advocate a CT scan of every patient who is to 
have a biopsy or drainage procedure via an anterior paraster- 
nal approach, but rather suggest an approach of greater than 
2.5 cm from the lateral margin of the sternum. If the abnor- 
mality warrants more medial placement of the needle or 
catheter, an angled or alternative approach should be consid- 
ered. A “safe” window medial to the mammary vessels and 
lateral to the sternum does exist, but our data reveal that this 
may be as small as 0.50 cm, and thus, catheters or needles 
should be passed in this area only with CT guidance. Percu- 
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Fig. 2.—Three different cases in which knowledge of the exact position of internal mammary vessels is critical in ensuring that they are not punctured 
when an anterior parasternal approach for biopsy is used. Internal mammary artery (arrows); internal mammary vein (arrowheads). st = sternum. 

A, Biopsy of either right or left anterior mediastinal nodes (n) runs the risk of puncturing internal mammary vessels. 

B, Internal mammary vessels could be traversed easily when biopsy of this left hilar mass (m) is performed. 

C, Proposed route (cursors) to avoid injury to internal mammary vessels when aspirating a loculated pleural collection (p). 





Fig. 3.—A, Contrast-enhanced scan shows three internal mammary vessels to right of sternum 


(st). Paired veins ascend medial to artery. 


B, Anteriorly located pleural collection (p) is close to three mammary vessels seen to the right of 
sternum. Drainage of this collection via an anterior parasternal approach puts these vessels at risk 


of injury. 


Fig. 4.—Two mammary vessels are seen on 
either side of sternum. On left side, artery (arrows) 
is 2.45 cm from sternal margin. Veins are located 
medial to artery (arrowheads). The location of this 
artery varies substantially. 
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taneous transthoracic procedures continue to be an effica- 
cious means of both diagnosis and treatment; proper planning 
to avoid potential complications makes them even more 
valuable. 
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Technical Note 


Platinum Microcoils for Therapeutic Embolization: 
Nonneuroradiologic Applications 


Steven S. Morse,’ Robert A. Clark, and Ann Puffenbarger 


Mechanical coil embolization devices have been in wide- 
spread use for a number of years and are effective in creating 
a localized, permanent vascular occlusion [1, 2]. A limitation 
of standard steel coils is the need to place the tip of the 
delivery catheter at the desired location of coil occlusion, 
which may not be possible with very small or very tortuous 
vessels and standard angiographic catheters. 

Highly selective catheterization of small and/or tortuous 
vessels can be accomplished readily with commercially avail- 
able microcatheters, such as the 2.2-French Tracker-18 (Tar- 
get Therapeutics, Santa Monica, CA) catheter. Standard steel 
coils cannot be delivered via microcatheters, however. 

Platinum microcoils, originally developed for neuroradio- 
logic intervention, were designed to be compatible with mi- 
crocatheter delivery systems. Two types are commercially 
available: the Flower microcoil (Target Therapeutics, Santa 
Monica, CA) and the Hilal microcoil (Cook Co., Bloomington, 
IN). 

Although they originally were developed for neuroradiologic 
use, we have successfully used platinum microcoils, delivered 
via the Tracker catheter, in a variety of nonneuroradiologic 
clinical contexts. 


Materials and Methods 


Platinum microcoils were used for therapeutic embolization in 10 
patients during an 8-month period. The patients ranged in age from 
20 to 79 years. Six were women and four were men. Flower coils 
were used in nine patients and Hilal coils in one. The Tracker catheter 





Received January 30, 1990; accepted after revision March 13, 1990. 


was used for coil delivery in all 10 patients, placed coaxially via 
standard 5.0- to 6.5-French angiographic catheters. The microcath- 
eter was placed over guidewires 0.014—-0.018 in. (0.035-0.045 cm) 
in diameter. The Flower coils were loaded into the microcatheter with 
the supplied plunger and delivered with a coil pusher. Hilal coils were 
introduced by pinching the introducer between thumb and forefinger 
and removing the shipping stylet and were delivered with standard 
0.014-0.018 in. (0.035-0.045 cm) guidewires. Platinum microcoils, 
2-4 mm in diameter, were the sole embolic agent in five patients and 
were combined with Ivalon (Pacific Medical, San Diego, CA) particles 
250-590 um in diameter in two patients. The three patients with 
varicocele had steel coils placed at the gonadal vein origin after 
microcoil embolization at the level of the inguinal ring. Successful 
occlusion was assessed angiographically, and clinical follow-up was 
obtained where applicable, ranging from 2 to 10 months later. 


Results 


Three patients had embolization for symptomatic varico- 
cele, with relief of pain in all three. Four patients with mus- 
culoskeletal sarcoma underwent redistributive, reductive em- 
bolization to permit single catheter intraarterial chemotherapy; 
branches of the superficial femoral artery were embolized in 
two, a popliteal artery branch in one, and subclavian artery 
branches in one. One patient had redistributive embolization 
of distal hepatic artery branches to exclude a cavernous 
hemangioma before hepatic artery chemoembolization. One 
patient had an interlobar renal artery embolized for a post- 
nephrostomy pseudoaneurysm and arteriovenous fistula. One 
patient underwent embolization of the anterior divisions of the 
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hypogastric arteries to control hemorrhage from bladder sar- 
coma. Successful occlusion was documented angiographi- 
cally in all 10 patients. No episodes of inadvertent coil embo- 
lization, coil migration, vessel perforation, or other known 
complications of standard coil embolotherapy were encoun- 
tered. 


Discussion 


The platinum microcoils that are currently available origi- 
nally were developed to meet a need for highly selective 
embolization in the brain and spine, and evolved from “home- 
made” fragments of platinum tip guidewires [3]. Microcoils 
combine the attractive features of standard embolization coils, 
that is, ease of delivery, apparent permanence, and safety, 
with the ability to be delivered via versatile microcatheters. 

Among currently available embolization devices, the de- 
tachable miniballoon [4] is most analogous in terms of per- 
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manence and size. Our own small, successful experience in 
using platinum microcoils distally in the gonadal vein suggests 
that they may be a reasonable alternative agent for varicocele 
embolization, with less set-up time and experience required 
for their use. The microcatheter delivery system is easy to 
place as far distally in the gonadal vein as desired, on both 
the right and left sides. Collateral branches can be easily 
selected as well (Fig. 1). Detachable miniballoons remain the 
gold standard in varicocele embolotherapy, with a reported 
experience of 650 patients during a 10-year period [5]. 

The indication for embolization in five of our patients was 
reduction or redistribution of arterial supply before chemoin- 
fusion of musculoskeletal sarcomata or chemoembolization 
of the liver. Previous experience with redistributive emboliza- 
tion in larger vessels has shown the efficacy of standard steel 
coils in providing a desirable hemodynamic result [6]. Our 
own experience (Fig. 2) suggests that platinum microcoils are 
similarly effective in smaller arteries, as judged by preche- 


Fig. 1.—39-year-old man with scrotal pain. 

A, Left gonadal venogram obtained during 
Valsalva maneuver shows a varicocele and ves- 
sel tortuosity (arrow). 

B, Venogram obtained after embolization 
shows Flower coils in place distally in gonadal 
vein, despite tortuosity. 


Fig. 2.—76-year-old woman with liposarcoma. 

A, Left superficial femoral arteriogram shows 
a branch of proximal popliteal artery supplying 
lower pole of patient’s liposarcoma (arrow). 

B, Profunda femoral arteriogram obtained 
after embolization of popliteal artery branch 
shows a uniform parenchymal blush (straight 
arrows). Note retrograde filling of embolized 
popliteal artery branch to point of coil placement 
(curved arrows). 
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Fig. 3.—Platinum microcoils: 4-mm Flower coil (left), 3-mm curved Hilal 
coil (center), and 1-cm straight Hilal coil (right). 


moinfusion °°"Tc-labelled macroaggregated albumin intraar- 
terial perfusion scanning. In embolizing small, tortuous 
branches of the superficial femoral or popliteal arteries, the 
ease of distal placement of the delivery microcatheter adds 
to procedural safety, minimizing the risk of inadvertent em- 
bolization of the major conduits of the leg. 

Substantial precedent for steel coil embolization in larger 
renal arteries exists, primarily for neoplastic disease [7]. 
Small-vessel renal-sparing embolization for bleeding intrarenal 
arterial lesions has been accomplished most often with man- 
ually prepared Gelfoam (Upjohn, Kalamazoo, MI) pledgets 
[8]. Platinum microcoils are similar in size to the usual Gelfoam 
pledget and can be readily delivered at the distal interlobar 
arterial level with the added advantage of permanency. 

An alternative to standard stainless steel coils that may be 
appropriate for small vessels is Gianturco minicoils (Cook Co., 
Bloomington, IN), which can be delivered via catheters ta- 
pered to a 0.025 in. (0.063 cm) guidewire and are available in 
2-, 3-, and 5-mm diameters. Our experience with these mini- 
coils has been limited, precluding a direct comparison with 
platinum microcoils. 
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The two types of commercially available microcoils differ 
somewhat in design (Fig. 3). The Flower coil, as the name 
Suggests, assumes a multilobular configuration when vessel 
size permits complete expansion, lacks fibers, and requires a 
separate “pusher” catheter with a long Teflon segment for 
delivery. The Hilal coil is available in straight or curved shapes, 
is braided with synthetic fibers, and can be delivered with a 
guidewire. Our experience with the Hilal microcoil has been 
limited, precluding a direct comparison between the two types 
of microcoils. 

In summary, platinum microcoils, of proved value in the 
CNS, appear to be a valuable addition to the array of available 
embolic agents for the viscera and extremities. 
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Book Review 


Technical and Physical Parameters for Quality Assurance in Medical Diagnostic Radiology. Tolerances, 
Limiting Values and Appropriate Measuring Methods. (BIR Report 18.) Edited by B. M. Moores, F. E. Stieve, H. 
Eriskat, and H. Schibilla. London: British Institute of Radiology (distributed by Butterworths, Stoneham, MA), 165 


pp., 1989. $52.95, softcover 


This book is the proceedings of a workshop held in 1988 that was 
organized by the Commission of the European Communities (CEC). 
The workshop was organized “to compare and evaluate the results 
of efforts” in quality assurance by CEC nations. This book is not the 
usual lengthy proceedings with papers that ramble on. Rather it is a 
carefully edited, typeset summary of the 51 papers presented. Each 
contribution is two to seven pages long. 

The major sections of the book are “General Aspects of Quality 
Control,” “The Image-Producing System—Conventional X-ray Equip- 
ment,” “The Image-Producing System—Special Equipment and Tech- 
niques,” “The Image-Recording System—System Analysis,” “The 
Image-Recording System—Image Performance,” “Retrieval and 
Viewing Conditions,” “Dosimetry,” and “Panel Discussion, Conclu- 
sions and Perspectives for Future Research.” A brief introductory 
section is devoted to establishing the relationship between the re- 
quirements for certain diagnostic medical X-ray examinations and the 
physical and technical limits of radiographic technology. This chapter 
has a number of interesting tables that | have not seen before (e.g., 
sizes of normal and pathologic structures that must be resolved; 
motion velocities of organs, with the optimal exposure time; and 
resolution required for 100% contrast for a variety of examinations). 
The next section of the book, “General Aspects of Quality Control,” 
deals with organizing a quality control program; obtaining and using 
equipment; summaries of programs in Germany, Canada, and Great 
Britain; the World Health Organization's program in quality assurance; 
methods for performing measurements; and the problems of inter- 
comparisons of quality assurance test results. 

The image-producing system of conventional X-ray equipment is 
the subject of section 3. Means for measuring field size, beam 
collimation, and centering are similar to those used in the United 
States. Evaluation of the performance of automatic exposure systems 
in conventional and digital systems is discussed in two papers. 
Technical data and performance of a variety of instruments for 


measuring kilovoltage are compared. Stated and measured accuracy 
and reproducibility of seven devices of American and European 
manufacture are tabulated. This section closes with a description of 
the use of a silicon surface barrier detector for measurement of X- 
ray spectra. The detector is suitable for measurement on the high- 
flux intensity beams encountered in diagnostic radiology. The spectral 
shape measured with the detector is similar enough to that measured 
by a germanium detector to acquire data for calculations of patient 
doses. 

Quality control of mammographic units, CT systems (imaging and 
quantitative), and dental X-ray units is discussed in section 4. Films, 
screens, and the sensitometric and densitometric control of film- 
based imaging are examined in the next section. A paper on absolute 
efficiencies of X-ray screens is quite interesting. Plots of efficiency vs 
X-ray tube kilovoltage are included. The performance of image re- 
cording systems is considered in section 6. This included papers on 
scattered radiation, modulation transfer function, image unsharpness, 
multiformat cameras, digital radiography, image intensifiers, and the 
video chain. A list of conference participants and their addresses is 
included as an appendix. 

This book provides a good overview of the quality assurance 
practices in European countries. It also is useful as a summary of 
information on quality assurance from a wide variety of sources. | 
found the book to be useful as a collection of short summaries of 
specific areas of quality assurance. The inclusion of a number of 
unique graphs and tables makes it useful as a resource. | recommend 
the book for institutional libraries, but it does not contain enough new 
material or extensive enough coverage of specific topics for acquisi- 
tion by individuals. 


Dale W. Fitting 
National Institute of Standards and Technology 
Boulder, CO 80303-3328 
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Technical Note 


A Coaxial Catheter and Steerable Guidewire Used to 
Embolize Branches of the Splanchnic Arteries 


Masatoshi Okazaki,’ Hideyuki Higashihara, Fumitaka Koganemaru, Hiroyuki Ono, Toshio Hoashi, and 


Takayuki Kimura 


Superselective catheterization of small branch arteries is a 
valuable technique for embolization therapy of hemorrhage 
and for other diagnostic and therapeutic purposes [1]. The 
caliber of these vessels is often smaller than the 5.0-French 
angiographic catheters routinely used. A new highly radi- 
opaque and flexible coaxial infusion catheter has significantly 
simplified superselective catheterization of these small-caliber 
arteries [2]. We report successful emergent superselective 
embolization for hemorrhage from various small-caliber 
splanchnic artery branches with the coaxial catheter. 


Materials and Methods 


Emergent embolization procedures with the coaxial catheter sys- 
tem were performed on 13 arteries in 10 patients. Of the 10 patients, 
hemorrhages in four involved the liver (two ruptured hepatocellular 
carcinoma and two hemobilia), two involved the small intestine, and 
the remaining four involved the stomach. After diagnostic angiography 
to determine the bleeding site, the tip of the 5.0-French preshaped 
catheter (Cook Inc., Bloomington, IN) was inserted into the various 
arteries as an introducing catheter. A commercially available 3.0- 
French, 150-cm Tracker-18 infusion catheter (Target Therapeutics, 
Inc., Mountain View, CA), which accepts a 0.41-mm steerable guide- 
wire, was used as the inner coaxial catheter. The inner catheter was 
advanced through the introducer over the guidewire into many pe- 
ripheral arterial branches 2 mm or smaller in diameter. 

Gelfoam particles (Upjohn Co., Kalamazoo, Ml), ranging in size 
from 500 um to 1 mm, were used alone as embolic material in 10 
arteries, Gelfoam particles plus Hilal embolization microcoils (Cook, 


Inc., Bloomington, IN) were used in two arteries, and Gelfoam parti- 
cles plus Ivalon (Unipoint, Inc., High Point, NC) were used in one 
artery. Embolic materials, loaded into a 2.5-ml small syringe contain- 
ing iopamidol, were then injected through the Tracker catheter until 
there was stasis of flow or occlusion of the embolized arteries. 


Results 


In seven cases, complete hemostasis was obtained by 
embolization with Gelfoam particles alone. In the two cases 
of hemobilia, the hepatic artery pseudoaneurysms were ini- 
tially embolized with Gelfoam particles. However, bleeding 
was not stopped completely in one, and rupture of a pseudo- 
aneurysm reoccurred in the other. Additional embolization 
of a small-caliber hepatic artery branch with Ivalon (Fig. 1) 
and the Hilal embolization microcoils resulted in occlusion of 
the pseudoaneurysms and immediate cessation of bleeding. 
In one case of gastric bleeding from a gastric ulcer, the left 
gastric artery was initially embolized with Gelfoam particles, 
but complete hemostasis was not achieved. Additional em- 
bolization of the left gastric artery with the Hilal embolization 
microcoils was necessary to stop the hemorrhage perma- 
nently. In eight of these 10 cases, embolization was the 
definitive therapy and surgery was obviated. Elective partial 
resection of the ileum was performed in one patient with a 
bleeding Meckel diverticulum, and gastrectomy and partial 
resection of the jejunum were performed in one patient with 
a bleeding stomal ulcer after stabilization of the patient's 





Received January 5, 1990; accepted after revision March 13, 1990. 


This work was supported in part by the Grant-in-Aid for Cancer Research from the Ministry of Health and Welfare of Japan. 
‘ All authors: Department of Diagnostic Radiology, Fukuoka University Hospital, 7-45-1 Nanakuma Jounan-ku Fukuoka, 814-01 Japan. Address reprint requests 


to M. Okazaki. 


AJR 155:405-406, August 1990 0361-803X/90/1552-0405 © American Roentgen Ray Society 





406 OKAZAKI ET AL. 





A 


condition by hemostasis. The histologic findings on the re- 
sected specimens showed no ischemic change in the ileum 
and no jejunal infarction but did show mild mucosal inflam- 
mation with submucosal edema of the jejunum. All patients 
were later discharged from the hospital. 


Discussion 


The smaller the vessel to be occluded, the greater the 
likelihood of success and the safety of the embolization 
procedure. Therefore, the ideal technique for achieving he- 
mostasis requires that the catheter is selectively advanced as 
near as possible to the bleeding artery to be occluded [1, 3]. 
Recently, a new commercially available 3.0-French coaxial 
catheter and a tapered 0.41-mm platinum-tipped steerable 
guidewire have been used successfully to catheterize and 
embolize a small branch of the visceral artery [2, 4]. The 
flexible polyethylene tip and the semirigid proximal portion of 
the Tracker catheter allow some control of torque, so that it 
can be advanced past the tip of the introducing catheter 
without a guidewire and directly into peripheral branch vessels 
without accompanying trauma. Alternatively, the catheter can 
be advanced over a 0.41-mm steerable guidewire into a 
superselective position. The platinum tip on the steerable 
guidewire and the platinum coil in the catheter tip allow easy 
fluoroscopic visualization of wire and catheter position. Fur- 
thermore, not only the Gelfoam particles but also a variety of 
small embolic agents, such as the Hilal embolization micro- 
coils, have been injected through the catheter [5]. In our 
series, we were able to introduce the catheter into all the 
desired small branches superselectively, without subintimal 
injury or spasm. 

Matsumoto et al. [6] reported the first series of three 
patients with visceral arterial bleeding who were treated by 
superselective Gelfoam embolization with this catheter. In- 
advertent embolization of an uninvolved arterial branch oc- 
curred in one of the three patients because of overzealous 
injection, which can result in a high-pressure hydraulic jet that 
may lead to reflux of embolic material [6]. In the current 
cases, such a migration of Gelfoam into uninvolved vessels 
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Fig. 1.—Hemobilia caused by rup- 
ture of left hepatic artery pseudoaneu- 
rysm. 

A, Arteriogram of common hepatic 
artery shows pseudoaneurysm (arrow) 
in small-caliber left lateral inferior he- 
patic artery (arrowheads). 

B, Tracker-18 catheter advanced 
through introducing catheter into left 
lateral inferior hepatic artery. Arrow 
shows tip of Tracker catheter and ar- 
rowheads show percutaneous trans- 
hepatic biliary drainage tube in left lat- 
eral inferior biliary duct. 


was avoided by slow and careful injection of Gelfoam particles 
with a small syringe. 

The role of embolization in the management of small-bowel 
bleeding remains controversial, and relatively few cases have 
been reported [7, 8]. In this article, we describe two cases of 
small-bowel hemorrhage in which successful superselective 
embolization, without the occurrence of bowel infarction, was 
performed with a Tracker catheter as the primary control; the 
absence of bowel infarction was later verified histologically in 
the resected specimens [8]. We believe that this type of 
embolization has the potential for the greatest degree of 
effectiveness in control of bowel hemorrhage, with the least 
possible risk of bowel infarction. 

In our series, we found that this coaxial catheter system 
was highly reliable for achieving superselective catheter po- 
sitions in small-caliber arteries, minimizing the volume of 
infarcted tissue, and allowing maximal preservation of 
splanchnic organic function. We conclude that this system 
clearly represents a significant advance in interventional 
radiology. 
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MR Angiography with 
Gadopentetate Dimeglumine- 
Polylysine: Evaluation in Rabbits 


G. Marchal’ Flow in high-resistance peripheral vessels of the extremities is characterized by a 
H. Bosmans! short period of positive flow during systole and almost no flow during diastole. Hence, 
P. Van Hecke’ time-of-flight sequences for MR angiography in high-resistance peripheral vessels are 
U. Speck? successful only when applied in a plane perpendicular to the vessel course. When 
P. Aerts’ applied in a plane parallel to the vessel, the method suffers from the rapid saturation of 
P.V nhoenacker! the inflowing spins. Gadopentetate dimeglumine—polylysine is a new T1 relaxation agent 
-va 1 with blood-pooling capability that can be used to prevent blood saturation. In the present 
A. L. Baert study it produced excellent angiograms in rabbits at a dose of 0.01-0.08 mmol/kg 
injected IV. Time-of-flight angiograms were acquired in a 1.5-T superconducting magnet 
with a three-dimensional fast imaging with steady precession sequence, 20,40/10/20° 
(TR/TE/flip angie), with an acquisition volume of 200 x 200 x 60 mm, &4 partitions, and 
velocity compensation in the slice-selection and frequency-encoding directions. Arteries 
and veins smailer than 1 mm were visualized over the entire length of the posterior 
limbs. 

If ongoing studies confirm the low toxicity of this new agent, gadopentetate dimeglu- 

mine-polylysine could offer a totally new approach to MR angiography. 
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The visualization of vessels with time-of-flight (TOF) MR angiography is based 
on the higher signal of unsaturated inflowing spins, which contrasts with the lower 
signal of the partially saturated stationary tissues of the imaged volume. 

The signal of the vessels is itself influenced by the progressive saturation of the 
inflowing spins. This phenomenon is directly related to the time during which these 
spins are exposed to the RF waves. Spins flowing parallel to the imaging slice (or 
volume) are more affected than spins flowing in a plane perpendicular to the 
imaging slice (or volume) [1-3]. In this respect, flow velocity and flow shape are 
crucial elements. In the brain, for example, the slow-flowing venous blood is 
saturated more rapidly than the high-velocity blood of the low-resistance arteries, 
and therefore is less visible on three-dimensional (8-D) TOF angiograms. On the 
contrary, in peripheral high-resistance arteries, the mean velocity (only systolic, 
almost no diastolic flow) is low compared with that of the low-resistance intracranial 
vessels (high systolic and diastolic flow). Three-dimensional techniques, which work 
reasonably well in intracranial MR angiography, are for this reason disappointing in 
peripheral angiography. 

A possible solution to the problem of vessel saturation is to use a relaxation 

Received November 6, 1989; accepted aiterre- agent that selectively enhances the relaxation rate of blood to prevent saturation 
vision February 23,1990, of the vessels. Although gadopentetate dimeglumine improves to some extent the 
io ee visualization of venous structures in the brain, its effect is limited by its rapid 
gium. Address reprint requests to G. Marchal. extravascular diffusion, which causes a rapid decrease of its plasma concentration. 
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0361-803X/90/1552-0407 pooling characteristics, for 3-D MR angiography of high-resistance peripheral 
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Materials and Methods 


Gadopentetate dimeglumine-polylysine is a new blood-pooling MR 
contrast agent. The specific properties of this molecule relate to 
increased molecular weight (50,000), enhanced relaxivity (13 | 
mmo!'sec”'), and good acute IV tolerance (LDso mice = 15 mmol 
gadopentetate dimeglumine/kg). Pharmacokinetic studies in rats and 
rabbits have shown that the compound is subject to renal excretion. 

The MR experiments were performed on a 1.5-T Siemens Mag- 
netom unit. The lower limbs of eight white rabbits were imaged in a 
standard linearly or circularly polarized head coil. The rabbits were 
anesthetized with 0.5 ml/kg Ketalar (Parke-Davis, Morris Plains, NJ) 
and 0.5 ml/kg Rompun (Bayer, Leverkusen, FRG) injected intramus- 
cularly. The contrast agent was slowly injected into the ear vein. 
Images were acquired by using a 3-D TOF MR angiography sequence 
with first-order flow-rephasing gradients in the slice-selection and 
frequency-encoding directions. The fast imaging with steady preces- 
sion (FISP) sequence, 20, 40/10/20° (TR/TE/ flip angle), had an 
acquisition volume of 200 x 200 x 60 mm in 64 partitions or 200 x 
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200 x 45 mm in 32 partitions. The acquisition volume was set in the 
frontal plane, parallel to vessels of the pelvis and posterior limbs. This 
results in a voxel of 0.8 x 0.8 mm for in-plane resolution and a 0.9- 
to 1.4-mm slice thickness. The total acquisition time varied between 
5 and 10 min. 

Eight rabbits were imaged at doses of 0.01, 0.02, 0.04, 0.07, and 
0.08 mmol/kg. Two rabbits had an additional MR study after sacrifice, 
to evaluate the effect of flow. One rabbit was imaged with both a 
flow-rephased and a nonrephased 3-D sequence to study the effi- 
ciency of the flow-rephasing sequence in conjunction with gadopen- 
tetate dimeglumine-polylysine. Two rabbits were studied at TRs of 
20 and 40 msec to evaluate the effect of the contrast agent on 
saturation. Finally, one rabbit was imaged before and up to 60 min 
after contrast injection to follow the time dependence of the enhance- 
ment. Two-dimensional (2-D) and 3-D angiograms were calculated 
from these 3-D data sets by using a maximum-intensity-projection 
algorithm on a Kontron-Mipron system (Munchen, FRG). In each 
experiment, the contrast-to-noise ratio (CNR) (signal-to-noise ratio 
[SNR] of vessel minus SNR of perivascular soft tissue) was calculated 
before and after contrast enhancement for the right femoral vessels. 


Fig. 1.—3-D fast imaging with steady preces- 
sion (FISP) MR angiograms (40/10/20°, 20-cm 
field of view, velocity-compensated) of rabbit 
legs before and after injection of 0.04 mmol/kg 
conventional gadopentetate dimeglumine. 

A, Unenhanced FISP scan, maximum intensity 
projection. Streaking in high-intensity regions, 
particularly prominent around articulations, is 
due to chemical-shift artifacts (arrows). lliac ves- 
sels are faintly visible (arrowheads). b = high- 
intensity bowel content. 

B, FISP scan immediately after injection of 
contrast agent. Vessel visualization (arrow- 
heads) is not improved. 





Fig. 2.—3-D fast imaging with steady precession (FISP) MR angiograms (40/20/20°, 20-cm field of view, velocity-compensated) of rabbit legs before 
and after injection of 0.04 mmol/kg gadopentetate dimeglumine-polylysine. 

A, Unenhanced FISP scan similar to Fig. 1A. Femoral vessels (arrowheads). 

B, FISP scan 15 min after injection of contrast agent. Note dramatic enhancement of vascular signal. Nonselective angiogram displays both arteries 
and veins simultaneously. 

C, Image selected from 3-D data set shows effect of gadopentetate dimeglumine-polylysine on both arteries and veins, seen side by side (arrows). 
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Results 


Plain 3-D TOF angiograms acquired in the frontal plane 
parallel to the larger vessels were of extremely poor quality. 
The vascular signal of both arteries and veins rapidly faded 
because of the progressive saturation of the inflowing spins 
(Fig. 1A). No improvement was noticed on a corresponding 
image after IV injection of conventional gadopentetate dime- 
glumine (Fig. 1B) (CNR of right femoral artery was 1.4 before 
and 1.4 after administration of contrast material). With the 
parameters used, the stationary fat and muscle tissues were 
of low intensity. Some line-shaped regions of higher intensity 
were generated by chemical-shift artifacts at the fat/muscle 
interfaces. 

Injection of gadopentetate dimeglumine-polylysine dramat- 
ically improved the vascular detail (Figs. 2-6). At a dose of 
0.04 mmol/kg (Fig. 2B), arteries and veins were displayed 
equally well and showed intense signal over their entire 
course, as demonstrated by the original 3-D data set (frontal 
plane view) (Fig. 2C) (CNR of right femoral artery was 2.25 
before and 3.8 after 0.04 mmol/kg gadopentetate dimeglu- 
mine-polylysine). However, in the projected images, this dif- 
ferentiation was partially lost because of vascular overlaps. 


Fig. 3.—3-D fast imaging with steady preces- 
sion (FISP) MR angiograms of rabbit legs after 
injection of 0.08 mmol/kg gadopentetate dime- 
glumine-polylysine. 

A, FISP image (40/10/20°, velocity-compen- 
sated) immediately after injection. 

B, FISP image (20/10/20°) 15 min after injec- 
tion. Slight decrease in vessel signal can be 
attributed mainly to increased saturation at a 
shorter TR. 


Fig. 4.—3-D fast imaging with steady preces- 
sion (FISP) MR angiograms (20/10/20°) of rabbit 
legs after injection of 0.04 mmol/kg gadopente- 
tate dimeglumine-polylysine. 

A, Velocity-compensated FISP image, 20-cm 
field of view. Arrowhead points to artery and vein 
side by side. 

B, FISP image without flow compensation. 
Vascular signal is decreased compared with A. 
This difference cannot be attributed entirely to 
time delay (10 min) between two acquisitions. In 
this nonrephased angiogram, vascular signal is 
generated mainly by slow-flowing venous blood, 
whereas signal from arteries is lost. Compare 
with same level in A (arrowheads). 
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After injection of the contrast agent, the signal intensity was 
no longer very sensitive to flow velocity or direction in the 
acquisition volume. 

Changing the TR from 40 to 20 msec reduced the acquisi- 
tion time by 50% but at the expense of increased saturation. 
On the angiogram, this resulted in further blackening of the 
Stationary tissues and in a slight decrease in the signal 
intensity of both arteries and veins (Fig. 3). As a result, at a 
TR of 40 msec the CNR was 6.8 in the right femoral artery. 
At a TR of 20 msec, this value was 6.9. 

The need for flow rephasing in the presence of gadopen- 
tetate dimeglumine-polylysine was studied in one rabbit by 
applying two different 3-D sequences. In Figure 4A, obtained 
with a flow-compensated 3-D sequence, both arteries (CNR 
= 6.2) and veins (CNR = 7.4) were well demonstrated. In 
Figure 4B, obtained with a conventional 3-D sequence, only 
the veins (CNR = 4.8) were readily visible (the CNR of the 
artery dropped from 6.2 to 1.6). 

The effect of unsaturated spin-intensity inflow on the vas- 
cular signal in the presence of gadopentetate dimeglumine- 
polylysine was evaluated in two other rabbits. Both had two 
postcontrast studies, one before (Fig. 5B) and one immedi- 
ately after (Fig. 5C) sacrifice (femoral arterial CNR was 4.9 
before sacrifice and 2.8 after; femoral venous CNR was 6.6 
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Fig. 5.—3-D fast imaging with steady precession (FISP) MR angiograms (40/10/20°, 20-cm field of view, velocity-compensated) of rabbit legs before 


and after injection of 0.07 mmol/kg gadopentetate dimeglumine-polylysine. 


A, Unenhanced FISP scan. 
B, Immediately after injection of contrast agent. 


C, After sacrifice (10 min after injection). Signal of arteries is decreased relative to in vivo study (B). This study shows that contrast enhancement does 
not fully compensate for increase of saturation at no flow and/or absence of inflow phenomenon. 


before sacrifice and 7.5 after). The angiogram after sacrifice 
clearly showed lower arterial detail (Fig. 5C); this could not 
be attributed to renal excretion and a lower plasma concen- 
tration but was related to progressive saturation of the “sta- 
tionary” blood. 

The follow-up examinations up to 40 min after injection 
showed a progressive time-related decay of the vascular 
signal (Fig. 6) (the CNR in right femoral artery was 0.4 before 
injection, 1.6 immediately after injection, 1.3 at 20 min, and 
1.4 at 40 min after injection). 


Discussion 


Three-dimensional image acquisition is an appropriate ap- 
proach for MR angiography. It allows the acquisition of thin 
slices with a good SNR and offers the possibility to recon- 
struct angiograms in any direction from one single acquisition 
volume. 

The TOF technique is one approach to MR angiography [1] 
that has been incorporated in 3-D sequences and is currently 
under clinical evaluation [4-6]. The major drawback of TOF 
techniques is the progressive saturation of the inflowing spins, 
which becomes the limiting factor when a large anatomic area 
has to be covered. Indeed, the decrease in the vascular signal 
by saturation is proportional to the time the spins flow in the 
imaged volume. This effect is thus linked to the direction of 
the flow with respect to the long or short axis of the imaged 
volume and to the flow velocity. As a consequence, vessels 
with slow flow, such as veins, are visualized less well. Al- 
though rapidly flowing arterial blood is less sensitive to the 
saturation effect, its signal is also progressively lost when the 
course of the arteries is parallel to the long axis of the injected 
volume [2, 3, 6]. 

A first solution to this saturation problem is the TOF acqui- 
sition of small 3-D slabs with the long axis of the acquisition 


volume perpendicular to the main axis of the vessel [2, 3], or 
of adjacent 2-D slices also perpendicular to the course of the 
vessel. A second solution is the use of a specific T1 relaxation 
agent for the blood, which would compensate for the satu- 
ration effect [7, 8]. In the brain the use of conventional 
gadopentetate dimeglumine has shown some benefits for the 
visualization of the veins [9]. On the other hand, Moseley et 
al. [10] obtained improved vascular detail in the rat by com- 
bining albumin-gadopentetate dimeglumine, an intravascular 
MR contrast agent, and projection MR imaging. 

In this study, we evaluated the efficacy of gadopentetate 
dimeglumine-polylysine in 3-D TOF imaging under the worst 
acquisition constraint, namely, imaging the peripheral vessels 
of the lower limb. This area combines the necessity to cover 
a large anatomic area in an acceptable acquisition time and 
the presence of slow-flowing blood in the veins and in the 
high-resistance peripheral arteries. To keep the acquisition 
time acceptable, the long axis of the acquisition volume has 
necessarily to be applied in the frontal or sagittal plane, which 
in turn enhances the saturation effect (Fig. 1A). 

Gadopentetate dimeglumine-polylysine is a new macro- 
molecular gadolinium complex. Because of its high molecular 
weight (+50,000), it shows almost no extravascular diffusion 
and is excreted by the kidney slowly. In the experiments, 
injection of gadopentetate dimeglumine-polylysine had a sig- 
nificant effect on the vascular signal, even at doses as low as 
0.02 mmol/kg (the normal clinical dose of gadopentetate 
dimeglumine is 0.1 mmol/kg). 

As could be predicted by the blood-pooling capability of 
this agent, this effect only slowly decays with time (Fig. 6). 
Already at a dose of 0.04 mmol/kg, the enhanced T1 relaxa- 
tion of the blood almost fully compensates for the saturation 
effect (Fig. 2). The blood velocity becomes less important 
because both arteries and veins are well displayed, producing 
a nonselective angiogram. A decrease in TR results in a 
shorter acquisition time at the expense of increased satura- 
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Fig. 6.—3-D fast imaging with steady preces- 
sion (FISP) MR angiograms (40/10/20°, 20-cm 
field of view, velocity-compensated) of rabbit 
legs before and after injection of 0.02 mmol/kg 
gadopentetate dimeglumine-polylysine. 

A, Unenhanced FISP scan. 

B, Immediately after injection of contrast ma- 
terial. 

C, 20 min after injection. 

D, 40 min after injection. 

This series illustrates high efficiency and slow 
excretion of gadopentetate dimeglumine com- 
ponent, even at a dose as low as 0.02 mmol/kg. 


C 


tion. However, this effect is minimal (Fig. 3). Still, flow contrib- 
utes to the signal intensity, as illustrated by the pre- and 
postmortem angiograms. The postmortem angiogram in Fig- 
ure 5 shows a clear drop in vascular signal that cannot be 
attributed entirely to renal excretion and decreased concen- 
tration of contrast material. This indicates that at the dose 
and parameters used, some saturation of the spins still pre- 
vails. 

Because gadopentetate dimeglumine-polylysine has no ef- 
fect on the dephasing of the spins by the imaging gradients 
in Figure 4, the use of rephasing gradients remains manda- 
tory. The increased effect of dephasing in the more rapidly 
flowing arterial blood is well shown in Figure 4B. In this 
experiment, the arterial signal is (more or less) selectively 
suppressed in the nonrephased sequence. 

Although gadopentetate dimeglumine-polylysine seems to 
be a promising agent for vascular imaging, a number of 
fundamental issues, such as the production of a selective 
arterial or venous angiogram, have to be solved. Three- 
dimensional display is a possible solution; presaturation is 
another that probably will not be very successful in eliminating 
the venous signal in the extremities. Other ongoing studies 
relate to the use of phase-sensitive techniques along their 
directions with or without subtraction. 
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Meeting News 


Society of Computed Body Tomography 13th Annual 


Course, April 1990 


Elizabeth Whalen’ 


The 13th annual course sponsored by the Society of Com- 
puted Body Tomography (SCBT) was held April 2-6, 1990, 
at the Wyndham Hotel, Palm Springs, CA. More than 35 
experts in cross-sectional imaging offered formal lectures and 
workshops that provided a comprehensive and detailed re- 
view of all the major areas of body CT and MR imaging. 
Emphasis was placed on the needs of the practicing radiolo- 
gist, and both the lectures and the 36 small-group workshops 
were Clinically oriented. The course was planned and orga- 
nized by SCBT President Elect Michael Federle (University 
Hospital of Pittsburgh, Pittsburgh, PA). 

AJR space limitations preclude reviewing the entire course. 
However, we hope our readers will find interesting and inform- 
ative the following descriptions of the 16 prize-winning re- 
search papers and a portion of the review course. 


Prize-Winning Works-in-Progress Presentations 


In a members-only meeting moderated by SCBT President 
Rogelio Moncada (Loyola University Medical Center, May- 
wood, IL), 32 papers were presented describing work in 
progress in the areas of body CT and MR imaging. Sixteen 
of these papers were chosen by a committee of SCBT 
members to receive awards in three categories: summa cum 
laude, magna cum laude, and cum laude. 


Summa Cum Laude 


Hounsfield Award. This award was presented to J. F. Breen 
(Mayo Clinic, Rochester, MN) for his report on ultrafast cardiac 
CT detection of calcification as an indicator of coronary artery 
disease. The patients, all of whom had suspected coronary 
artery disease, underwent ultrafast CT within 24 hr of coro- 
nary angiography. Preliminary results on 77 patients suggest 
that ultrafast CT is an accurate examination for the detection 
of coronary atherosclerosis; the negative predictive value and 
sensitivity were 100% for CT-detected calcification as a sign 
of significant coronary artery disease (>50% stenoses). The 
positive predictive value was 71%. Future work planned 
includes follow-up of current patients, enrollment of more 
patients, and comparisons with SPECT and thallium imaging 
as well as treadmill exercise tests. 

Lauterbur Award. A study of the use of MR imaging to 
measure portal blood flow in patients with chronic liver dis- 
ease won this award. The paper was presented by D. L. 
Rubin (Stanford University School of Medicine, Stanford, CA). 
The Stanford group is working on a new MR technique, 
velocity imaging with gradient-recalled echo (VIGRE), which 
uses two interleaved acquisitions separated by TR. These 
acquisitions are flow-compensated and flow-encoded in the 
slice direction. VIGRE imaging was used to measure simu- 
lated portal blood flow in a phantom, in a few normal subjects, 
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and in a few patients with chronic cirrhosis. Results of flow 
measurements in the phantom showed an excellent correla- 
tion between flow as measured by VIGRE and actual flow; 
also, the measurement of portal blood flow appeared to be 
relatively independent of the angle of blood flow to the imaging 
plane. VIGRE measurements of blood flow were similar in the 
normal subjects and in most of the cirrhotic patients who 
were Clinically stable (in one of those patients, a higher portal 
blood flow was found). A much lower rate of blood flow was 
found in the cirrhotic patient who had poor hepatic synthetic 
function and anemia. At this time, VIGRE seems to be a 
promising technique to measure portal blood flow, and these 
researchers are investigating further the possible correlation 
between portal blood flow and clinical course in chronic 
cirrhosis. Future directions of this study include determination 
of the normal range of values for portal blood flow, more 
measurements in cirrhotic patients, canine studies, definition 
of a portal resistive index, and evaluation of the clinical 
predictive value of portal blood flow and the portal resistive 
index. 

Winthrop Award. Another new MR technique was pre- 
sented in the report that received this reward. S. A. Mirowitz 
(Mallinckrodt Institute of Radiology, Washington University 
School of Medicine, St. Louis, MO) discussed imaging of the 
liver with dynamic, gadolinium-enhanced, rapid-acquisition 
spin-echo (RASE) MR imaging. The objectives of this work 
are to reduce image-acquisition time, improve image quality, 
and enhance tissue contrast. RASE imaging consists of a 
single acquisition sequence with a short TR (275 msec) and 
a short TE (10 msec); total imaging time to cover the entire 
liver is 23 sec (16.5-cm coverage with slices that are 12 mm 
thick and a 3-mm slice gap). Results in a small number of 
patients were encouraging: RASE MR images were of higher 
quality than either T1-weighted or T2-weighted MR images. 
Because RASE MR imaging can provide complete coverage 
of the liver within the time of a single breath-hold, respiration- 
related ghost artifacts and blurring are eliminated. Also, RASE 
imaging allows dynamic, spin-echo, gadopentetate dimeglu- 
mine-enhanced MR imaging, which significantly improves 
lesion conspicuity. 


Magna Cum Laude 


N. Reed Dunnick (Duke University Medical Center, Durham, 
NC) reported on a study of the effect of extravasation of IV 
contrast material in rats. Use of a mechanical injector to 
administer contrast material is effective, but it sometimes 
causes extravasation, which can then cause tissue necrosis, 
edema, hemorrhage, inflammation, or vasculitis. Dr. Dunnick’s 
group investigated the extravasation injury to subcutaneous 
tissue resulting from mechanically injected conventional ionic, 
nonionic, and low-osmolar contrast material. So far their 
results indicate that, compared with either low-osmolar or 
ionic contrast media, nonionic contrast material produces less 
necrosis, edema, and hemorrhage. The results concerning 
inflammation and vasculitis showed no significant difference 
among the different types of contrast material. 

C. Bergin (Stanford University, Stanford, CA) presented 
another of three studies that shared the Mallinckrodt Award. 
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In her discussion of high-resolution MR imaging of the lung 
parenchyma, she noted that MR signal from the lungs is poor 
at 1.5 T. Maximizing this signal is complicated by respiratory 
and cardiac motion and susceptibility effects (air/tissue inter- 
face). Susceptibility is a bulk property of tissue. Interfaces 
between tisues of different susceptibilities induce gradients 
that cause inhomogeneity in a magnetic field. The objective 
of the study was to measure the effects of susceptibility in 
lungs, including the rate of intravoxel phase dispersion (T2*) 
and the macroscopic frequency shift. Three different MR 
sequences were used: conventional spin-echo; ultrashort-TE 
projection reconstruction (TE = 250-1250 usec); and two- 
point Dixon (spin-echo sequence performed twice, with the 
180° pulse slightly displaced on the second acquisition). To 
date, the findings indicate that the rate of intravoxel phase 
dispersion (T2*) is less than 1 msec and that the macroscopic 
frequency shift calculated by the two-point Dixon method is 
approximately 60 Hz. Issues for future research include the 
determination of ways in which susceptibility varies with lo- 
cation, inflation, and different types of disease and the appli- 
cation of these measurements in optimizing pulse sequences 
for imaging lung parenchyma. 


Cum Laude 


The 10 reports that received cum laude awards are sum- 
marized briefly below, grouped according to topic. 

CT Studies. The intriguing title of the presentation by Elliot 
K. Fishman (The Johns Hopkins University, Baltimore, MD) 
was “Computed Tomography: The Game.” Dr. Fishman and 
his colleagues investigated computer-based education in ra- 
diology for medical students (to build a foundation in radiologic 
concepts), radiology residents (to present new information), 
and practicing radiologists (to maintain standards and com- 
petence). Advantages include low cost and availability of 
computer equipment (Macintosh Il); problems include both 
user disorientation and user boredom. Dr. Fishman envisioned 
the following future uses of computer-based education in 
radiology: patient study simulations, disease- and technology- 
based modules, stimulations of scanner operations, and radio- 
logic-pathologic correlations. 

The study presented by Robert A. Halvorsen, Jr., and 
colleagues (University of Minnesota Hospital, Minneapolis) 
considered the question of whether CT can be used to predict 
progression of liver metastases from colorectal carcinoma 
and/or the results of hepatic artery infusion chemotherapy for 
treatment of the metastases. In a relatively small group of 
patients, the increase in size of the largest metastasis seemed 
to correlate with disease progression (sensitivity and specific- 
ity of 67%), as determined by levels of carcinoembryonic 
antigen. Their results indicate that other CT features also 
predict progression, including development of mass effect 
(tumor deforming the liver contour) and increase in the per- 
centage of liver involvement. 

In research concerning low-dose CT of the lungs, David P. 
Naidich and colleagues (New York University Medical Center, 
New York) compared 170- and 40-mA CT; the reduction in 
radiation exposure to the patient was significant (maximum 
doses of 2.50 rad and 0.36-0.40 rad, respectively). The 
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quality of detail on the low-dose scans did not seem to be 
significantly lower. Dr. Naidich noted that indications for low- 
dose CT include pediatric imaging, lung cancer screening, 
and three-dimensional reconstruction. 

R. C. Nelson (Emory University School of Medicine, Atlanta, 
GA) presented a preliminary study to evaluate dynamic se- 
quential bolus-enhanced CT of the liver. Although a few 
patients had focal lesions of the liver, most did not. The 
technique used involved a 180-mi iV bolus (60% contrast 
agent; 2 ml/sec via power injector) and a 25-sec scan delay; 
CT parameters included a 3-sec scan time and slices 8 mm 
thick. With a mean acquisition time of approximately 2.5 min, 
these investigators found the mean enhancement of the liver 
to range between 67% and 112% (>100% for slices 7-18). 
The preliminary conclusions to be tested further are that later 
enhancement is greater than early enhancement, that greater 
hepatic enhancement can be achieved on early slices by a 
longer delay before imaging, and that greater enhancement 
does not necessarily equal.greater liver-to-lesion contrast. 

MR Imaging Studies. Leon Axel (Hospital of the University 
of Pennsylvania, Philadelphia) began his discussion of MR 
imaging of regional heart wall motion by noting two problems: 
(1) the similar appearance of through-plane motion to con- 
traction and (2) the lack of trackable landmarks in the heart 
wall. His studies focus on the use of nonselective RF pulses 
and gradient pulses to produce magnetic landmarks 
(“stripes”) within the wall to overcome these problems, and 
he is developing a noninvasive, quantitative, transmural mo- 
tion analysis with these magnetic landmarks. In the experi- 
ments performed, the use of a grid of tagging stripes allowed 
the heart wall to be divided into a set of finite elements whose 
motions could be analyzed. Furthermore, the description of 
regional motion that results is independent of the specific 
orientation of the grid used to derive it—which makes this 
description very powerful and an important step toward three- 
dimensional full analysis of motion. 

In an investigation of vocal tract shape during vowel pro- 
duction, A. V. Lakshminarayanan and colleagues (University 
of Alabama Medica! Center, Birmingham, AL) determined that 
MR imaging is a feasible and reproducible method to analyze 
reliably the movements of the vocal tract. They experimented 
with spin-echo, FAST field-echo, and FLASH field-echo MR 
techniques. 

Susan A. Mulligan and colleagues (University of Aiabama 
Medical Center, Birmingham) conducted a preliminary pro- 
spective study to compare MR angiography and color Doppler 
duplex sonography with conventional angiography in evalua- 
tion of peripheral arterial occlusive disease and in revascular- 
ization planning. They found that the results of both MR 
angiography and color Doppler sonography agreed with those 
of angiography in many cases, but there were examples of 
both overgraded and undergraded occlusions with both types 
of studies. Color Doppler sonography correlated relatively 
well with conventional angiography for the femoral and pop- 
liteal arteries; however, iliac artery evaluation was unsatisfac- 
tory with this method, and calcified plague caused problems 
in examinations. Although MR angiography was superior to 
color Doppler sonography in terms of visualization of the iliac 
arteries, inconsistent imaging was a problem with MR angiog- 
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raphy. These results indicate that neither MR angiography 
nor color Doppler sonography can replace conventional an- 
giography. 

To study normal respiratory motion, multiphase respiratory- 
gated MR imaging was used by N. J. Pele and colleagues 
(Stanford University, Stanford, CA). This new MR technique 
(GATORCIST) was shown to reduce both motion blurring in 
individual frames and motion artifacts—even those due to 
residual motion. The multiphase respiratory-gated approach 
results in a combined image that has the benefits of ungated 
imaging, including high efficiency. Future directions for study 
of GATORCIST imaging include implementation of shorter TE 
spin-echo and gradient imaging, as well as no-phase-wrap 
and half-Fourier imaging. Also to be determined is the best 
patient position for minimizing artifacts. 

Needle Biopsy. Scott Gazelle (Case Western Reserve Uni- 
versity, Cleveland, OH) discussed a preliminary study that he 
and John R. Haaga conducted on the risk of bleeding after 
percutaneous needle biopsy. Using pigs, they investigated 
the factors that might determine the risk of bleeding, including 
technical factors (needie gauge, sampling mechanism, and 
technical errors) and patient factors (coagulopathy, platelet 
dysfunction, and target organ). Needie-gauge studies showed 
that bleeding was dependent on the target organ; in general, 
larger needles resulted in more bleeding, but among the 
commonly used sizes (18-, 20-, and 22-gauge in the liver and 
20- and 22-gauge in the kidney) no significant difference 
existed. Sampling-mechanism data indicated that cutting 
needles caused more bleeding than aspiration needles. In 
studies on the effects of coagulopathy (in which pigs were 
treated with Coumadin) and platelet dysfunction, Drs. Haaga 
and Gazelle found that the bleeding still depended more on 
needie type, target organ, and sampling mechanism than on 
either coagulopathy or platelet dysfunction. Finally, the com- 
parison of liver and kidney biopsies showed that target organs 
differ in respect to the effect of needle size, the amount of 
bleeding, and the effect of anticoagulation. 


Review Course: CT of the Abdomen 


Dynamic CT of the Liver 


Lincoln L. Berland (University of Alabama Medical Center, 
Birmingham) reviewed dynamic CT of the liver, which is now 
considered the best first imaging method for the liver and 
allows scanning of the liver at the maximum attenuation 
difference between lesion and background. The typical tech- 
nique for dynamic CT uses a total injection volume of 150 ml 
of 60% contrast material; the rate of 2.5 mi/sec is used for 
the first 50 ml, and the rate of 1 ml/sec is used for the 
remaining 100 mi. Scanning begins 1 min after the beginning 
of injection, at the rate of 6-10 scans/min. In one alternative 
technique, the entire 150 mi of contrast material is injected at 
2.5 ml/sec with scanning done immediately after the injection 
is completed; this technique achieves a higher peak of con- 
trast opacification. In other techniques, 180-200 ml of 60% 
contrast material is used or higher volumes of a lower con- 
centration of contrast material are administered. 
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in a study of 155 hepatic neoplastic lesions in 59 patients 
. (Alpern MB et al., Radiology 1986;158:45--49), plain CT re- 
sulted in a difference of less than 10 H between lesion and 
background for 31 lesions; only two displayed such a small 
difference when dynamic CT was used. Dr. Berland listed the 
pitfalls of dynamic CT as difficulties with obese patients, 
motion/streak artifacts, misregistration, and poor technique; 
CT problems occur in imaging metastases in the cases of 
-small lesions, fatty liver, and vascular or diffuse metastases. 
The future of dynamic CT includes development of thin-slice 
techniques, faster scanning speed, higher resolution, and new 
viewing methods (e.g., three-dimensional). 


Understanding Tissue Signals in MR Imaging 


Elias Zerhouni (The Johns Hopkins University, Baltimore, 
-MD) explained that two keys in understanding MR tissue 
signals are molecular size and molecular freedom. 

Molecular Size. Tissue is made up of molecules of different 
sizes that vibrate at different frequencies. The matching of 
these frequencies with the resonant frequency of the magnet 
determines the T1 relaxation time. For example, small water 
molecules vibrate at very high frequencies relative to the 
resonant frequency of clinical scanners; thus, water has a 
long T1 relaxation time. Fat molecules vibrate at a frequency 
similar to that of clinical scanners; thus, fat exhibits a short 
T1 time. At the other end of the spectrum, macromolecules 
such as DNA have a very low frequency of motion relative to 
the resonant frequency of current scanners and therefore, 
like water, exhibit a long T1 time. 

Molecular Freedom. T2 times are influenced by the freedom 
of motion of the molecules. In bone, molecules are tied 
together, and T2 is so short that the MR signal usually cannot 
be recorded on an MR image; in water, molecules have room 
to move around so that T2 is relatively long. Dr. Zerhouni 
provided a delightful roller-rink analogy: few collisions occur 
if only a few skaters are on a large rink and are free to skate 
as they wish; however, if ali the skaters were connected by 
a long chain that wrapped around each person’s ankle, many 
collisions would occur. This same type of physical interaction 
occurs with molecules that are free to move around and with 
those that are literally chained together, and the amount of 
interaction affects the T2 time and thus the MR image seen 
(on MR images, radiologists see cysts, tumors, fat, and 
muscle, but they do not see the macromolecules of bone). 

Simplified Model for MR Signal of Tissue. Four concepts 
make up this model, known as the two-state fast-exchange 
model, which allows radiologists to understand tissue con- 
trast in clinical images. (1) One component of tissue—that 
made up of macromolecules, proteins, cell membranes, bone, 
and so forth—is invisible to MR imaging. (2) The portion of 
tissue visible on MR is made up of primarily water and fat. (3) 
The organization of fat molecules is such that they tend not 
to interact with other molecules. (4) Water molecules—the 
predominant molecule in tissue—interact with the surround- 
ing macromolecules (which are invisible on MR images); there- 
fore, the relaxation times of water molecules are determined 
partly by the presence, type, and number of tissue molecules. 
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Clinical Applications of Fast MR Imaging 


In his presentation on the uses of fast MR techniques, 
Joseph K. T. Lee (Mallinckrodt Institute of Radiology, Wash- 
ington University School of Medicine, St. Louis, MO) noted 
that the major reason for using these techniques, rather than 
the traditional spin-echo techniques, is to reduce or eliminate 
motion artifacts. His discussion highlighted the uses of gra- 
dient-echo imaging and rapid-acquisition spin-echo (RASE) 
imaging. : ` 

Gradient-Echo Imaging. This type of MR imaging is char- 
acterized by a single RF pulse, a 0-90° flip angle, and the 
elimination of the 180° refocusing pulse. The echo is produced 
by the reversal of the imaging gradient; a short TR (10-200 
msec) can be used, but, because the maximum echo is 
achieved by matching the TR with the flip angle, a short TR 
requires use of a small flip angle. The advantages of gradient- 
echo imaging include its superior blood vessel delineation and 
high sensitivity for paramagnetic substances, a shorter ex- 
amination time, and that gradient-echo imaging can be com- 
pleted within the time of one breath-hold for most patients. 
One important disadvantage is the higher susceptibility of this 
type of imaging to field heterogeneity; also, subacute throm- 
bus has a high signal intensity on gradient-echo images and 
may simulate a patent vessel with flow. Clinical applications 
of gradient-echo imaging include the abdomen, vessels, heart, 
joints, and spine; in the experience of Dr. Lee and his col- 
leagues, contrast-enhanced gradient-echo imaging is superior 
to gradient-echo imaging without contrast material for as- 
sessing hepatic and renal parenchyma. 

RASE Imaging. This rapid-acquisition technique is ideal for 
survey examinations. The technique involves a 275/10 spin- 
echo sequence, a 128 x 256 matrix, half-Fourier transform, 
and one acquisition. Eleven slices can be obtained in 23 sec, 
which is within the time of one single breath-hold for most 
patients. For more details about this type of imaging, see the 
earlier discussion of the Winthrop Award paper. 


Low-Risk Biopsy Procedures 


John R. Haaga (Case Western Reserve University, Cleve- 
land, OH) emphasized that the goal of risk-free biopsy always 
should be sought, even though that goal actually may be 
unattainable. One probiem is that the mechanisms by which 
the best specimens are obtained (e.g., cutting or large-caliber 
needles) tend to cause the most bleeding. Dr. Haaga’s dis- 
cussion of research results and his own experiences ‘included 
specific suggestions about lung, liver, and pancreatic biop- 
sies. In all cases, he emphasized that one key to minimizing 
biopsy-related complications is paying close attention to the 
small details of both the technique and the individual clinical 
problem. 

Lung Biopsy. Pneumothorax and hemoptysis are two sig- 
nificant complications of lung biopsy. Factors that affect pneu- 
mothorax include lung disease, distance of pathway crossed, 
number of needle passes, needle type, and duration of needle 
insertion. Specific recommendations for lowering the risk of 
pneumothorax were to use an aspiration needle for parenchy- 
mal masses, choose the shortest pathway to the biopsy site, 


choose a pathway through the pleural attachment if present, 
and plan ahead and minimize the duration of the procedure. 
Risk of hemoptysis can be minimized by excluding patients 

_with a history of cardiac failure; considering the patient's 
history with regard to medication, coagulopathy, and lung 
cavitation; and by using 20-gauge rather than 18-gauge 
needles. ` 

Liver Biopsy. Research on liver biopsy has indicated that 
small needles should be used when the biopsy involves a 
known lesion within a difficult anatomic area and when an 
enhanced dynamic CT scan shows a slightly vascular lesion. 
Lesions that are. very vascular should be avoided; biopsies 
should not be performed with. either small or cutting needles. 
Larger needies may be used in the cases of unknown but 
avascular lesions in accessible anatomic locations. Haaga 
listed four methods to reduce the risk of complications in liver 
biopsy: select the needle appropriate for the clinical problem, 
use an enhanced dynamic CT scan to exclude vascular le- 
sions, choose a biopsy trajectory that excludes other organs 
and major blood vessels and that includes a small amount of 
liver parenchyma, and use sedation for patients who are not 
entirely cooperative (or do not perform a biopsy on these 
patients). 

Pancreatic Biopsy. Pancreatitis and death are among the 
serious complications of pancreatic biopsy. Haaga explained 
the technique for the procedure now used at his institution: 
A 20-gauge needie is used, and the number of needle passes 
is limited to two. In general, any and all uninvolved structures 
are avoided, but the pathway can traverse the stomach or 
left lobe of liver if necessary. Enhanced dynamic CT scanning 
is used because it delineates more clearly the target within 
the pancreas; this kind of scanning helps avoid vascular 
lesions that might produce bleeding, prevents needless bi- 
opsy and damage to normal acinar elements that may cause 
pancreatitis, and permits identification of vascular tumors and 
vascular anomalies. 


CT-Directed Biopsies: Prospective Analysis of 1000 Cases 


Patrick F. Sheedy Il (Mayo Clinic, Rochester, MN) discussed 
the results of a prospective study of 1000 CT-directed biop- 
sies in 955 patients (45 patients had two biopsy sites). The 
technique and equipment used in the biopsies differed slightly 
depending on the radiologist. However, all biopsies occurred 
within a 30-month period; a data sheet for each biopsy was 
completed by the radiology nurse or the radiologist who 
performed the biopsy; and follow-up was obtained in all cases. 
The average time for the biopsy was 22 min; the average 
number of needle placements was two; and the most common 
needle size was 18-gauge (581 of 1356). The biopsy sites 
were the liver (266), retroperitoneum (162), pancreas (125), 
pelvis (94), adrenal gland (75), and miscellaneous (278: 1-61 
biopsies per miscellaneous site). 

Results showed that, in terms of accurate pathologic di- 
agnosis, CT-guided biopsy had a sensitivity of 91.8%, a 
specificity of 98.9%, a positive predictive value of 99.7%, and 
a negative predictive value of 73.3%. Evaluation of percent- 
age error and needle size showed error rates of 9.3% for 16- 
gauge needles (lymphoma cases: 24.4% error, nonlymphoma 
cases: 3.9% error), 5.6% for 18-gauge needles, 7.1% for 19- 
gauge needles, and 7.3% for 21-gauge needles. 

Eleven complications occurred in the 1000 biopsies: seven 


hematomas, three pneumothoraces, and one hematuria. No 


biopsy-related deaths occurred, but surgery was required in 
one case. The most common site of complication was the 
adrenal gland (4/11); other sites of complication included the 
pancreas and the liver (two complications each) and the 
kidney, spine, and lung (one complication each). Seven of the 
11 complications involved benign disease; the other four 
involved malignant processes. 

Sheedy summarized the implications of the study results 
as follows: (1) CT-directed biopsy is both safe (1.1% compli- 
cation rate) and sensitive (91.8%). (2) It can often be per- 
formed as an outpatient procedure. (3) Several different tech- 
niques of CT-directed biopsy are effective. (4) Large needles 
tend to provide more accurate results but also cause more 
complications than do smaller needles. (5) Lymphoma still 
presents a problem for accurate subtyping. 


CT of the Bowel: Techniques and Tumor Staging 


Alec J. Megibow (New York University Medical Center, New 
York) discussed the reasons for using CT to evaluate and 
stage gastric and colorectal carcinoma. He reviewed previous 
studies on this subject and noted that, although CT cannot 
provide the same information as a formal staging laparotomy, 
it does provide valuable information concerning intraabdom- 
inal gastrointestinal neoplasms. The most important ability of 
CT in this area is to identify sites of disease that may not be 
inspected at surgery; for this reason, at Dr. Megibow's insti- 
tution, CT scans are obtained for virtually all patients with 
gastrointestinal neoplasia. 

Gastric Carcinoma. CT is helpful in evaluating gastric car- 
cinoma because it can determine the longitudinal extent of 
the lesion and detect spread of tumor, hepatic metastases, 
and silent nodal masses. 

Dr. Megibow said that a negative contrast technique is 
particularly good for gastric evaluation, and he prefers the air- 
insufflation technique to the water-distension technique be- 
cause air insufflation is easy to do, keeps the stomach empty, 
and more effectively thins the wall of the viscus. The air- 
contrast technique involves the administration of an efferves- 
cent powder at the time of the CT scan (with 0.1 mg IV 
glucagon as an adjunct) and positioning the patient to opti- 
mize air distension (turning the patient so that the lesion is 
outlined). 

Colorectal Carcinoma. The value of CT in assessing colo- 
rectal carcinoma is its ability to detect hepatic metastases, 
evaluate local extension (direct extension and nodal exten- 
sion), and localize the lesion and local complications (such as 
perforation, intussusception, and obstruction). 

Excellent results can be obtained with air-contrast CT of 
the colon. As Dr. Megibow said, “Instead of seeing the apple 
core, you see the apple.” The technique starts with prepara- 
tion of the patient before the study, including a cathartic and 
a tap-water enema in the radiology department. After the 
patient is positioned (according to the suspected location of 
the neoplasm), a soft tube is inserted in the rectum and 0.5 
mg of IV glucagon is administered. The termination of the 
insufflation is determined solely by patient tolerance. As with 
air-contrast studies of the stomach, the patient position may 
need to be altered for a better image of the region of interest. 
Air-contrast CT of the colon is contraindicated in patients with 
an elevated WBC count, acute colitis, or radiation proctitis. , 


Sonography and CT in Acute Appendicitis 


R. Brooke Jeffrey, Jr. (Stanford University, Stanford, CA) 
presented a review of findings on the use of sonography and 
CT in acute appendicitis. He began by noting that 20% of the 
appendectomies performed today are nontherapeutic; the 
reasons for misdiagnoses leading to this unnecessary surgery 
include the following: (1) the clinical findings of appendicitis 
are atypical in 30% of patients, (2) the removal of the normal 
appendix is seen as preferable to the risk of a ruptured 
appendix, and (3) before sonography became widely used, 
no noninvasive technique existed to visualize the appendix 
directly. 

The sonographic technique for diagnosing appendicitis in- 
cludes asking the patient to point to the site of maximum pain 
(which may be a clue to an aberrant appendix) and gradually 
increasing compression to maximum compression during son- 
ographic imaging. Because the normal appendix is not visible 
on sonograms and the maximum diameter is usually 6 mm or 
less, the current sonographic criterion for diagnosing appen- 
dicitis in adults is visualization of a noncompressible appendix 
with a maximum diameter of more than 6 mm. If an appendix 
smaller than 6 mm is seen, the patient should be observed 
rather than operated on immediately, because it may repre- 
sent visualization of a normal appendix. 

CT is very helpful in cases of periappendiceal abscesses. 
Distinctions can be made on CT scans between a phiegmon 
and a well-defined abscess that is larger than 3 cm; clinical 
management can be directed by these findings. A phlegmon 
or small abscess can be treated by antibiotics; a well-defined 
abscess larger than 3 cm can be treated by percutaneous 
abscess drainage. 


CT of Small Intestine Inflammation 


_ Dennis M. Balfe (Mallinckrodt Institute of Radiology, Wash- 
ington University of Medicine, St. Louis, MO) focused on the 
goals of CT of the small bowel and the use of CT in a few 
specific diseases. 

CT Goals in Smail-Bowel Disease. Although contrast ex- 
amination of the small intestine is the method of first choice 
in evaluating patients for known or suspected inflammatory 
bowel disease, it is limited by its inability to provide any 
information about the mesentery; moreover, contrast exami- 
nations give only indirect information about the intestinal wall. 
CT is a valuable additional diagnostic tool when the patient’s 
diagnosis or clinical management depends on extraluminal 
information. The three major goals of CT in these situations 
are to detect complications when the major diagnosis is 
known, to identify or exclude the intestine as the source of 
symptoms in cases of nonspecific presentations, and to iden- 
tify an abnormality that may lead to a definitive diagnosis. 

Specific Disease Applications for CT of the Small Bowel. 
Early, uncomplicated Crohn disease is shown on CT by 
moderate wall thickening (<1.5 cm), increases in local mes- 
enteric fat accumulating streaky high-attenuation areas within 
the fat, and separate soft-tissue densities (1-2 cm) within the 
mesentery. CT is rarely the first test used to detect Crohn 
disease, but it is very useful in identifying complications of the 
disease (e.g., abscess or fistula) and in providing a target for 
needle aspiration biopsy. 


In cases of suspected radiation enteritis, CT can help to 
determine if obstructive symptoms are due to recurrence of 
tumor (presence of a mass) or to radiation enteritis (absence 
of amass, unless the ischemia already has produced mucosal 
ulceration, fistula, and abscess). 

Dr. Balfe reviewed use of CT in several disorders related 
to the immune system, including sprue, graft-vs-host disease 
(GVHD), and AIDS. In patients with sprue, CT can detect 
large mesenteric nodes; determining whether the disease 
process is benign or malignant requires biopsy. Also, CT can 
indicate a target for percutaneous lymph node biopsy. GVHD 
is a relatively common complication of bone marrow trans- 
plantation; in patients with this complication, CT shows diffuse 
moderate thickening of the small-bowel wall. Finally, although 
CT is rarely needed for diagnosis of AIDS patients, it can 
suggest malignant causes of intestinal symptoms and indicate 
a biopsy target in cases of enlarged lymph nodes. 


CT of Bowel and Mesenteric Trauma 


Michael P. Federle (University of Pittsburgh, Pittsburgh, PA) 
presented a study on the use of CT in 50 patients with 
possible bowel or mesenteric injury after blunt abdominal 
trauma. This diagnosis is Important because 5% of patients 
with blunt abdominal trauma have bowel or mesenteric injury 
and delayed diagnosis increases the mortality rate in this 
population to as high as 65%. 

In examining the CT scans of the 50 patients studied, the 
radiologist looked for thickened bowel wall, peritoneal fluid, 
free air, mesenteric blood, extravasation of contrast material, 
and associated injuries. The sentinel clot sign also was given 
great consideration: the presence of blood of higher CT 
density in the peritoneum is almost always found near the 
site of the hemorrhage. The CT density of sentinel clots can 
be as high as 100 H, and these clots identify the source of 
the blood. 

Of the 50 patients studied, 32 underwent surgery. In 28 of 
these 32, surgery was indicated by signs on CT scans: free 
air or extravasated oral contrast material or a combination of 
thickening of the bowel wall, mesenteric blood, and/or free 
intraperitoneal fluid. In the 19 patients who did not undergo 
surgery, the injuries were mostly localized hematomas, with 
rare associated injuries (surgical cases often had associated 
injuries). 

Dr. Federle described four pitfalls of CT of bowel trauma. 
(1) Pancreatic trauma can simulate duodenal and mesenteric 
trauma. (2) Mesenteric and bowel injuries can be difficult to 
detect in the presence of other intraperitoneal injuries. (3) 
Small-bowel lacerations are not always associated with free 
air or extravasated contrast material. (4) Prior peritoneal 
lavage can cause fluid to be in the peritoneal cavity. 

On the basis of these results, CT appears to be a valuable 
diagnostic tool that can decrease mortality due to bowel and 
mesenteric injuries associated with blunt trauma. In this study, 
no normal CT scan was seen in a patient with significant 
bowel or mesenteric injury. If CT is used to distinguish those 
trauma patients who need surgery from those who do not, 
some unnecessary surgery may be avoided and the number 
of fatal delays of treatment may be reduced. 


Pulmonary Lymphangioleiomyomatosis: A “Forme 
Fruste” of Tuberous Sclerosis? 


| read with interest the article by Sherrier et al. [1], “Pulmonary 
Lymphangioleiomyomatosis: CT Findings,” in the November 1989 
AJR. The relation of pulmonary lymphangioleiomyomatosis to pul- 
monary tuberous sclerosis is not clear [2, 3]. Lymphangioleiomyoma- 
tosis develops in approximately 1% of persons who have tuberous 
sclerosis [4]. Pulmonary tuberous sclerosis and lymphangioleiomy- 
omatosis occur mostly in women. Because of radiologic and histo- 
pathologic similarities, lymphangioleiomyomatosis has been consid- 
ered by many to be a “forme fruste” of tuberous sclerosis [2-4]. As 
intellectual impairment and seizures are less common in patients who 
have pulmonary lesions than in patients who do not, the diagnosis of 
tuberous sclerosis is even more difficult. 

The findings of Sherrier et al. are interesting and may be of great 
significance. Unfortunately, the authors did not mention seizures, 
mental status, or other clinical signs of tuberous sclerosis. Abdominal 
CT was performed in only three patients, and, especially in one 
woman with renal angiomyolipoma, the diagnosis of tuberous scle- 
rosis seems quite probable. In my opinion, it is important to exclude 
or confirm tuberous sclerosis in every case of pulmonary lymphan- 
gioleiomyomatosis. The hypothesis that the pulmonary lymphangio- 
leiomyomatosis might be a forme fruste of tuberous sclerosis remains 
an open question, which the cases presented [1] do not help to solve. 

Sergiusz Jozwiak 
Child's Health Centre 
04-736 Warsaw, Poland 
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Reply 


Dr. Jozwiak correctly points out that lymphangioleiomyomatosis is 
considered by many to be a “forme fruste” of tuberous sclerosis. One 
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of our eight patients had a known diagnosis of tuberous sclerosis at 
the time of her CT scan. She had a history of seizures and mental 
retardation. Abdominal CT in this patient showed an angiomyolipoma. 
Chest CT helped to establish a diagnosis of lymphangioleiomyoma- 
tosis. 

The remaining seven patients had no clinical or radiologic features 
of tuberous sclerosis. In our experience, the greater challenge to 
radiologists is to suggest a diagnosis of lymphangioleiomyomatosis 
in patients who do not have evidence of tuberous sclerosis. 

Caroline Chiles 

Robert H. Sherrier 

Duke University Medical Center 
Durham, NC 27710 


CT Demonstration of Ingested Cocaine Packets 


The plain film evaluation of patients suspected of ingesting packets 
of cocaine has become increasingly difficult as methods of smuggling 
via the gastrointestinal tract have become more refined. We compare 
the plain film and CT appearance of ingested cocaine packets. 

A 37-year-old man was suspected of smuggling drugs by ingesting 
packages of them. The results of physical examination were unre- 
markable. The patient refused to have a rectal examination. Flat and 
upright abdominal radiographs showed multiple, well-defined, homo- 
geneously radiopaque, cylindrical densities throughout the colon (Fig. 
1A), compatible with the clinical history of ingestion of packets. CT 
examination of the pelvis showed multiple, high-density (200 H), well- 
defined cylinders approximately 1.5 x 4.0 cm with triangular areas of 
low attenuation at either end (Fig. 1B). 

Recently, drug smugglers have attempted to disguise ingested 
packets of drugs by concomitantly ingesting water, oils, or other 
liquids because all have equivalent densities on plain films. Conse- 
quently, it is difficult to delineate the margins of the packets and to 
distinguish the packets from residual bowel contents, particularly 
after administration of cleansing enemas and multiple bowel move- 
ments [1]. Earlier attempts to use contrast enhancement were cum- 
bersome and unrewarding [2]. 

Because the capability of CT for differentiating densities is so 
good, we think that this technique is useful in detecting packets, 
especially when the results of other imaging studies are equivocal. 
The packets are recognized easily on the basis of their distinctive 
density and shape. The high density of the packet may be related to 
the intrinsic amine structure of the drug or perhaps to metallic 
impurities, such as talc, with which the drugs are mixed. The low- 
attenuation regions undoubtedly represent gas trapped in the ends 
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Fig. 1.—A, Abdominal radiograph shows multiple packets of cocaine 
throughout colon. 
B, CT scan at level of transverse colon clearly shows individual packets. 


of the packets. We conclude that the ability of CT to distinguish 

density characteristics of tissues and foreign substances makes it an 

ideal technique for providing definitive proof of cocaine ingestion, 

despite attempts to mask the packets by ingesting water, oils, or 
other liquids. 

William J. Vanarthos 

Richard N. Aizpuru 

Henry H. Lerner 

Jackson Memorial Hospital 

Miami, FL 33136 


REFERENCES 


1. Pinsky MF, Ducas J, Ruggene MD. Narcotic smuggling: the double condom 
sign. J Can Assoc Radiol 1978;29:78-81 

2. McCarron MM, Wood JD. The cocaine “body packer” syndrome: diagnosis 
and treatment. JAMA 1983;205: 1417-1420 

3. Sinner W. The gastrointestinal tract as a vehicle for drug smuggling. 
Gastrointest Radiol 1981,6:319-323 


Epigastric Hernia and Perforation During Air- 
Contrast Barium Examinations 


Colonic perforation due to air-contrast barium enemas occurs with 
a frequency of one to two in 5000 examinations and is an important 
hazard of a relatively benign procedure [1]. Perforations occur be- 
cause of underlying colonic disease, instrumentation, or local cathe- 
ter-related trauma and only rarely are due to overinsufflation of air 
[2]. That this distressing event may occur was demonstrated in a 
recent patient of ours, an 89-year-old woman who underwent an air- 
contrast barium examination because of heme-positive stools. She 
had a large epigastric hernia containing multiple loops of bowel and 
most of the transverse colon. Unfortunately, this was not recognized 
immediately. During the examination, obstruction to the flow of barium 
occurred at the transverse colon. When the colon was insufflated 
with air, the patient complained of severe abdominal discomfort. A 
radiograph showed free air in the abdomen. At surgery, a 5-cm tear 
was found in the transverse colon. 

In patients with inguinal hernias, barium enemas are performed 
with the hernia reduced by a lead-gloved hand [3]. Although the 
importance of doing this is widely appreciated for inguinal hernias, it 
is not as generally understood for epigastric hernias. 

Anirudh Masand Rai 

Sabrina Johnson 

State University of New York at Stony Brook 
Stony Brook, NY 11794 
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Percutaneous Ethanol Injection Therapy for Liver 
Neoplasms: Value of Using Multiple Needles 


Percutaneous injection of ethanol has been attracting attention in 
the treatment of liver neoplasms [1-3]. One shortcoming of this 
method is that several sessions are required. Injected ethanol is 
distributed in a limited area, and the distribution may not be homo- 
geneous even within this area because of the capsule and septa of 
the lesion. It is therefore essential to inject ethanol into various sites 
in the lesion. Once ethanol is injected, however, the lesion becomes 
masked by hyperechoic changes, and the needle cannot be reinserted 
in the same session. Livraghi et al. [1] injected ethanol an average of 
3.9 separate times for lesions <2 cm in diameter, 8.6 times for lesions 
2-3 cm, and 11.8 times for lesions 3-5 cm. Sheu et al. [3] gave 
injections an average of 7.2 times for lesions <2 cm, 12.6 times for 
lesions 2-3 cm, and 24.3 times for lesions 3-4 cm. 

To reduce the number of treatment sessions, in 15 lesions in 10 
patients with hepatocellular carcinoma, we used insertion of two 
needles (Fig. 1) 33 times and insertion of three needles two times 
before injection of ethanol was begun. For example, the first needle 
was inserted near the left edge of the lesion and the second needle 
near the right edge. Initially, these needles were inserted nearly 
through the lesion. After ethanol was injected into a deep portion of 
the lesion, the needle was withdrawn a certain distance, and then 
ethanol was injected into a shallower portion. The same process was 
repeated then with the other needle. Thus ethanol could be injected 
into several parts of the lesion in a single session. 

By using the multiple-needle insertion method, we reduced the 
number of treatment sessions to an average of 1.3 for lesions <2 cm 
in diameter, 2.7 for lesions 2-3 cm, and 4.5 for lesions 3-5 cm. When 
percutaneous injection of ethanol is used to treat neoplasms, small 
tumors frequently become difficult to identify after repeated injections. 
Reducing the number of treatment sessions made it possible to 
complete the treatment before the lesion became obscured. 

Treatment performed by using the multiple-needle insertion method 
was effective. Histopathologic examination showed complete necro- 
sis of a lesion 4 cm in diameter in one case. Follow-up angiography 
showed no tumor stain in two cases. CT indicated efficacy of the 
treatment in seven cases. Elevated serum levels of alpha-fetoprotein 
found in two cases decreased after treatment. With the multiple- 
needle insertion method, ethanol can be injected into different places 
more reliably because the needle inserted first can be used as a 


Fig. 1.—Multiple-needle inser- 
tion method for percutaneous in- 
jection of ethanol. Two needles 
have been inserted into a lesion, 
and ethanol is being injected 
through one of them. 
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landmark to ensure that the next needle is inserted in a different 

place. We saw no serious complications in our series. The occurrence 

of transient pain, fever, and a feeling of intoxication appears to be 

the same for both the multiple-needle insertion method and the 
conventional method. 

Shuichiro Shiina 

Yasuro Niwa 

Yasuo Hata 

University of Tokyo 

Tokyo 113, Japan 


REFERENCES 


1. Livraghi T, Festi D, Monti F, Salmi A, Vettori C. US-guided percutaneous 
alcohol injection of small hepatic and abdominal tumors. Radiology 
1986; 161:309-312 

2. Shiina S, Yasuda H, Muto H, et al. Percutaneous ethanol injection in the 
treatment of liver neoplasms. AJR 1987;149:949-952 

3. Sheu JC, Sung JL, Huang GT, et al. Intratumor injection of absolute ethanol 
under ultrasound guidance for the treatment of small hepatocellular carci- 
noma. Hepatogastroenterology 1987;34: 255-261 


Common Channel Ectasia in Choledochal Cyst 


In their interesting study [1] on cholangiopancreatography of cho- 
ledochal cysts, Wiedmeyer et al. describe the common channel and 
emphasize its dilatation as “an important additional radiographic 
observation in the diagnosis of choledochal cyst.” They state in their 
discussion that this ectasia of the common channel is detected only 
by cholangiopancreatography. In a review [2] of 12 pediatric cases, 
this finding was also well shown by either percutaneous cholangiog- 
raphy or percutaneous cholecystography. Consequently, my col- 
leagues and | think that this malformation can be diagnosed equally 
well on the basis of findings on percutaneous cholangiography, 
percutaneous cholecystography, or ERCP. In other words, radiolo- 
gists should use the technique they are familiar with. Aside from this, 
| would like to stress the female preponderance of this finding in both 
our study (11 girls, one boy) and the study of Wiedmeyer et al. 

Francis Brunelle 
Hopital des Enfants-Malades 
75730 Paris Cedex 15, France 
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Reply 


My coauthors and | appreciate the comments of Dr. Brunelle. Since 
Dr. Babbitt’s original observation in 1969, an essential part of the 
diagnosis of choledochal cyst has become the demonstration of the 
long common channel that receives both the pancreatic duct and the 
choledochus. This finding typically is associated with two different 
Clinical situations. In one, the patient is obviously ill and has a dilated 
choledochus, and the diagnosis of choledochal cyst is confirmed by 
demonstration of the long common channel. In the other situation, 
the patient is asymptomatic and the incidental finding of a long 
common channel results in recognition of the channel with or without 
cystic dilatation of the choledochus [1, 2]. In our article [3], we 
stressed the frequent, rather striking ectasia of the common channel 
that accompanies a choledochus cyst. Although it has not been 
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stressed before, the finding of an ectatic common channel should 
prompt a search for other features of a choledochal cyst. 

Cholangiopancreatography is not necessarily performed only by 
means of ERCP. It also can be done at the time of percutaneous 
transhepatic cholangiography or, as in Dr. Brunelle’s experience, at 
the time of percutaneous cholecystography. Indeed, two of our 
patients had percutaneous transhepatic cholangiography, which 
helped us establish the diagnosis of choledochal cyst, and one patient 
had operative cholangiography. Because the common channel may 
be opacified from above or below in these cases, we certainly would 
not quarrel with using either approach. In our hands, retrograde 
cannulation is used more commonly, primarily because of its availa- 
bility. However, we have other practical reasons for using ERCP 
rather than the percutaneous approach. In addition to the less inva- 
sive nature of ERCP, retrograde cannulation is the only reliable way 
to opacify the pancreatic duct as well as the common duct in patients 
who do not have a choledochal cyst, and, in many instances, we are 
not sure what will be found. We think Dr. Brunelle would agree with 
us that in transhepatic cholangiography, a substantial amount of 
contrast medium is not refluxed into the pancreatic duct when a cyst 
is absent. As noted, in the case of the choledochal cyst described by 
Babbitt, both ductal structures likely would be opacified by either 
route because of the long common channel. An exception to this 
might be a severe stricture at the lower end of the choledochus, a 
stone, or an obstructing tumor, which might prevent opacification of 
the pancreatic duct or adequate display of the common channel. 

We agree that a person must use those tools that are most readily 
available and with which experience is adequate. We would like to 
reemphasize that no matter which route is used, meticulous attention 
to the details of the common channel and anomalous union is the 
goal of imaging. Failure to define this region may lead to an erroneous 
diagnosis or a missed opportunity to identify the “forme fruste” 
variety, in which significant dilatation of the choledochus is absent. 

The literature [4-6] also reflects the preponderance of this lesion 
among females. We agree with Dr. Brunelle in his observation. This 
finding has been noted many times, especially in some of the larger 
series available for review. The reason for this preponderance is not 
clear to us, and no ready explanation is found in the literature. We 
think that this anomaly is an embryologic variation that for some 
reason is more common in females. Our series, as well as Dr. 
Brunelle's, continue to underscore this interesting observation. 

Edward T. Stewart 
Medical College of Wisconsin 
Milwaukee, WI 53226 
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Hepatic Ascariasis 


Hepatic ascariasis occurs when Ascaris larvae migrate to the liver 
via the portal vein after invading the jejunal wall [1]. We saw hepatic 
lesions in a 34-month-old boy who had had fever, abdominal pain, 
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A 


Fig. 1.—Hepatic ascariasis in a 34-month-old boy. 

A, Sonogram shows multiple hypoechoic lesions in liver. 

B, Enhanced CT scan shows multiple radiolucent lesions in liver (ar- 
rows). 


lethargy, vomiting, anorexia, and weight loss for 1 month. The liver 
was enlarged and tender. The stool contained many Ascaris ova, and 
adult worms were seen in the small bowel on barium examination. 
Abdominal sonography and CT showed a large number of small 
hypoechoic and radiolucent lesions in the liver, each 5-7 mm in 
diameter (Fig. 1). The patient was treated with pyrantel pamoate and 
improved rapidly. Three months later, the liver looked normal on 
sonography, the patient was well, and he had no ova in his stool. 
Were the hepatic lesions due to ascariasis or were the worms an 
incidental finding in a patient with another unrecognized disease? We 
know that similar lesions occur in cat-scratch disease, but this patient 
had no evidence of that disease. Unfortunately, no skin test was 
done. The hepatic phase of ascariasis usually occurs about 15 days 
after ingestion of ova, whereas adult worms usually do not appear in 
the small bowel until about day 60 [2]. Our patient had hepatic lesions 
and adult worms simultaneously. This is an apparent contradiction, 
but a patient who has ingested ova once could reasonably be 
expected to do the same again. Perhaps the hepatic disease was 
evidence of reinfection. We wonder why CT and sonographic evi- 
dence of the hepatic phase of this disease has not been described 
before and ask our colleagues to report their experience. We do not 
mean the biliary disease, which occurs when adult worms invade the 
common bile duct. This has been reported by others [3, 4]. 
William A. Cumming 
Dianne S. Elfenbein 
University of Florida 
Gainesville, FL 32610 
Scott S. James 
Children's Hospital of St. Paul 
St. Paul, MN 55102 
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Metallic Self-Expandible Stenting of a Ureteroileal 
Stricture 


Ureteroileal conduits have a tendency to form strictures at the site 
of the anastomosis. These strictures can be treated nonsurgically 
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Fig. 1.—A and B, Radiographs show metallic stent in place in left distal 
ureter (A) and minimal dilatation of collecting system 10 weeks after 
placement of stent (B). 


with balloon dilatation or a combination of balloon dilatation and 
stenting. Balloon dilatation with or without stenting is associated with 
a high recurrence rate of stenosis: up to 70% of all ureteral strictures 
after 6 months. The subgroup of ureteroenteric strictures has a long- 
term patency rate of 16% at 12 months [1]. Because of these 
unsatisfactory results, placement of a metallic self-expandible stent 
in a ureteroenteric stricture was performed. 

The patient, a 66-year-old man, had a right ureteronephrectomy 
and then 5 years later a left Bricker ureteroileostomy, both because 
of adenocarcinomas. Four years after the ureteroileostomy, a distal 
obstruction of the left ureter was found on routine sonography 
followed by IV urography. A percutaneous nephrostomy was per- 
formed. Antegrade pyelography indicated that the exact place of the 
stenosis was the ureteroileal anastomosis. Two days later, the ste- 
nosis was passed with a guidewire and dilated with a 5-mm balloon 
4 cm long. Subsequently, a metallic self-expandible Wall stent 6 mm 
in diameter and 2.8 cm long (Medinvent SA, Lausanne, Switzerland) 
was placed (Fig. 1). The nephrostomy was removed 5 days later after 
it was evident that the distal ureter had remained patent. Since then, 
6 months after stenting, the patient has been well, and the dilatation 
of the left collecting system has diminished. 

Long-term follow-up of ureteroenteric anastomosis shows an in- 
creasing amount of renal damage, which is defined as biochemical 
evidence of impaired renal function or evidence of dilatation on IV 
urography. After 20 years, 10-20% of patients have ureteral obstruc- 
tion [2, 3]. Recurrences after radiologic intervention are due to 
restenosis caused by scar tissue, inspissation with bowel mucus, 
encrustation, and mucosal ulcers up to ureteroiliac fistulas. Introduc- 
ing a foreign body into a peristaltic tube such as the ureter might 
guarantee endoluminal patency but also might induce functional 
obstruction. Previous experience with large-diameter polymer stents 
has shown that this effect does not occur. We think there is no 
reason to expect such an effect when a metallic foreign body is used. 
In our patient, both biochemical and IV urographic findings showed 
that renal function improved after stenting. The risk of urinary tract 
infections and recurrence of the stricture will have to be established. 

Huub B. W. Gort 

Willem P. Th. M. Mali 

Paul F. G. M. van Waes 

Ad G. Kloet 

Utrecht University Hospital 

3584 CX Utrecht, the Netherlands 
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Periurethral Fibrosis on Sonourethrography and 
Balloon Dilatation of Urethral Strictures 


We wish to add one additional point to the aspects of sonourethro- 
graphy that were covered so elegantly by Drs. Benson, Doubilet, and 
Richie [1] in the October 1989 issue of the AUR in their review article 
on sonography of the male genital tract. This point pertains to the 
usefulness of the finding of periurethral fibrosis when balloon dilata- 
tion of urethral strictures is anticipated. We have noticed that the 
amount of periurethral fibrosis is a fairly good indicator of whether a 
Stricture can be dilated successfully by using balloon urethroplasty. 
The greater the fibrosis, the less likely is success with balloon 
dilatation and the greater the need for an optical internal urethrotomy. 
We are working on a system for grading periurethral fibrosis and 
urethral strictures sonographically that could be useful in selecting 
patients for balloon dilatation. A prospective study has been started 
at our institution for this purpose. We invite other readers to share 
their views on this topic. 

Suleman A. Merchant 
Rajendra Kedar 

King Edward Memorial Hospital 
Bombay, India 
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Glomus Tumor of the Thigh 


A 35-year-old man complained of progressively worsening pain in 
the left lateral thigh. He had an antalgic gait and wasting of the left 
gluteal and thigh musculature. A glomus tumor was discovered during 
three-phase bone scintigraphy and studied further by CT, MR imag- 
ing, and angiography. The bone scan showed a vascular focus in the 
distal left thigh on the flow and blood-pool images; the bones were 
normal on the delayed views. A scan with labeled RBCs (Fig. 1A) 
confirmed the lesion; the tumor did not accumulate labeled cells over 
time. A dynamic CT scan (Fig. 1B) showed a well-defined enhancing 
lesion, 1 cm in diameter, just posterior to the distal left femur. On T1- 
weighted MR images, the lesion appeared isointense to adjacent 
musculature; on T2-weighted images, it was slightly hyperintense. 
Selective arteriography showed a richly vascularized tumor. On light 


Fig. 1.—Glomus tumor of thigh. 

A, Scintigram with *°"Tc-labeled RBCs shows simultaneous activity in 
lesion (arrow) and adjacent superficial femoral artery (arrowhead). 

B, Axial dynamic contrast-enhanced CT scan shows a well-defined 
enhancing mass (arrow) posterior to left femur. Note atrophy of thigh 
musculature. 
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microscopy, examination of the excisional biopsy specimen showed 
a glomus tumor characterized by highly cellular tissue consisting of 
nests of small bland-appearing round cells surrounding small vascular 
spaces. 

A glomus tumor is a small, benign, hamartomatous lesion arising 
from a normal glomus body. Glomera function as temperature regu- 
lators by shunting blood from capillary beds and are present in largest 
numbers in the hands and feet. Glomus tumors can arise in deeper 
tissues such as striated muscle [1]. Extramanual sites are more 
common in males [1]. 

The clinical significance of glomus tumors lies in their symptoma- 
tology: aching pain, exquisite tenderness, and sensitivity to changes 
in temperature [2]. The radiologic features of glomus tumors involving 
the hand and the angiographic appearance of extramanual glomus 
tumors have been described [1-3]. Glomus tumor should be consid- 
ered in the differential diagnosis of a painful, highly vascular, benign- 
appearing mass in an extremity. 

Ronald H. Garrell 

Elizabeth Oates 

New England Medical Center 
Boston, MA 02111 
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MR Imaging of Soft-Tissue Masses 


We read with interest the article entitled “Masses of the Hand and 
Wrist: Detection and Characterization with MR Imaging” [1]. MR 
imaging is accurate in the detection and delineation of soft-tissue 
masses [1-4]. The distinction between benign and malignant lesions, 
however, is not reliable. Certain soft-tissue masses such as lipomas, 
ganglionic cysts, hemangiomas, and the lesions of pigmented villo- 
nodular synovitis, do have characteristics that allow a definitive 
diagnosis [2-4]. In the article [1] by Binkovitz et al., nine of 16 benign 
masses were of these types. In addition, three were bone lesions. 
and one was hypertrophic muscle. Three were not specified. How- 
ever, if a soft-tissue mass does not have characteristic findings, then 
it is unlikely that MR imaging can be used to predict accurately, on 
the basis of signal intensity or margins, whether the mass is benign 
or malignant. Fibromatosis is an aggressive, yet benign, lesion that 
frequently has poorly defined margins. In our series [2] of 112 masses, 
we found that 56% of malignant tumors had relatively well-defined 
borders. Totty et al. [3] found that seven of 20 masses with at least 
clearly defined margins were malignant. In the study by Binkovitz et 
al., one (17%) of six malignant masses had well-defined margins. In 
their review of 53 masses, Sundaram et al. [4] stated that “unless 
one is clearly dealing with a cyst or a lipoma, radiological prediction 
of the histologic diagnosis of soft tissue tumors is far less reliable 
than for tumors of bone.” 

Soft-tissue masses without characteristics that suggest a definitive 
diagnosis should be considered indeterminate, possibly malignant, 
and biopsy specimens should be obtained carefully and with attention 
to myofascial tissue planes. Failure to consider a “benign-appearing” 
mass on MR images as potentially malignant might result in no 
treatment, delay in biopsy, or an inappropriate biopsy with less 
circumspection about the tissue planes involved. The MR appearance 
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of a lesion cannot be relied on to differentiate between benign and 
malignant soft-tissue masses. 


James S. Jelinek 

Mark J. Kransdorf 

Walter Reed Army Medical Center 
Washington, DC 20307-5001 
Armed Forces Institute of Pathology 
Washington, DC 20307-6000 
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Reply 


We appreciate the comments of Drs. Jelinek and Kransdorf re- 
garding our article, “Masses of the Hand and Wrist: Detection and 
Characterization with MR Imaging” [1]. We concluded that “the 
distinction between benign and malignant lesions often can be pre- 
dicted with MR imaging.” The findings of Kransdorf et al. [2] are 
contrary to this. In the discussion section of our article, we outlined 
the differences between the two studies, emphasizing the anatomic 
limitation of our study to the hand and wrist and the “favorable” 
histologic findings in our group of benign tumors. We also stated that 
our study was not a blinded retrospective review because of our 
familiarity with the case material. We think that the appearance ofa 
lesion on MR imaging often can be relied on to differentiate benign 
from malignant soft-tissue masses. A specific diagnosis of benignity 
that is based on the MR findings can be given in many cases. This 
occurred in nine (56%) of the 16 benign tumors in our series [1] and 
in 27 (32%) of the 85 benign tumors in the series of Kransdorf et al. 
[2]. We recently did a blinded retrospective review (Wenge DE, et al., 
presented at the annual meeting of the American Roentgen Ray 
Society, May 1990) of 194 consecutive soft-tissue masses evaluated 
with MR imaging at our institution and found a 90% accuracy rate in 
predicting the benign or malignant nature of a tumor before biopsy. 
Less than 10% were classified as indeterminate lesions on the basis 
of the MR findings. 

We continue to be encouraged by the usefulness of MR imaging 
in the evaluation of soft-tissue masses and anticipate that it will 
become as good as, or superior to, CT in the distinction between 
benign and malignant masses. MR imaging of soft-tissue masses is 
an evolving technique. We think that as experience with MR imaging 
increases, it will be possible to make a definitive diagnosis of a greater 
variety of benign soft-tissue tumors. We agree that cases will occur 
in which the MR features will suggest that a malignant lesion is 
benign. Unless a definitive diagnosis can be made on the basis of MR 
imaging, the mass lesion should be considered indeterminate. Supple- 
mental clinical or imaging findings may suggest the true diagnosis 
and obviate pathologic confirmation in some cases. In cases in which 
a soft-tissue mass is predicted to be malignant on the basis of the 
imaging findings, a biopsy is performed before treatment. 
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Larry A. Binkovitz 
Thomas H. Berquist 
Richard A. McLeod 
Mayo Foundation 
Rochester, MN 55905 
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Popliteal Vein Entrapment Shown by MR Imaging 


Constriction of the popliteal artery in the popliteal fossa because 
of a muscular congenital anomaly is rare, and constriction of the 
popliteal vein without involvement of the artery is much rarer. In most 
cases, compression is due to a normal large medial head of the 
gastrocnemius muscle [1]. Compression by an abnormal band of 
muscle has been reported also [2]; the diagnosis was made at 
surgery. We report a case of popliteal vein entrapment due to a thick 
abnormal band of the internal gastrocnemius muscle that was diag- 
nosed on the basis of MR findings. 

A 30-year-old woman had a history of pain and tiredness in the 
right calf. For a few days, she had had swelling of one foot and ankle, 
a condition that was worse at the end of the day or after prolonged 
standing. Physical examination showed obvious swelling of the right 
foot and ankle. The edema suggested venous swelling rather than 
lymphatic obstruction. No varicose veins were visible or palpable. 
The arterial pulses were normal, and the nutrition of the foot was 
satisfactory. Duplex Doppler sonography showed a thick band of 
muscle passing between the popliteal vein and artery; the diagnosis 
was entrapment of the popliteal artery. MR imaging showed the 
popliteal artery in the right position. The popliteal vein deviated 
laterally and was separated from the artery by an abnormal band of 
muscle (Fig. 1). 

Several cases of popliteal artery entrapment shown by MR imaging 
have been reported [3, 4]. However, we are not aware of any previous 
report in the literature of the use of cross-sectional imaging (sonog- 
raphy, CT or MR imaging) in the diagnosis of popliteal vein entrapment 
that is due to an abnormal band of muscle. 


Fig. 1.—Axial MR image of 
knee shows a band of muscle 
(curved arrow) separating popli- 
teal artery (arrowhead) and vein 
(straight arrow). 
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Plain Radiographs and CT Scans in the Diagnosis 
of Sinus Disease 


In their excellent comparison of CT scans and plain radiographs 
[1], McAlister et al. reemphasize the limitations of plain radiographs 
in the diagnosis of sinus disease. The importance of the ethmoid 
sinuses in the development and persistence of sinus infection is 
related to the adequate drainage of the paranasal sinuses as shown 
by Stammberger [2] and others. As the ethmoid cells reach their adult 
size by the age of 3 years, the necessity of their adequate visualization 
is Obvious. What is perhaps less well realized is that adequate 
ventilation of the nasal cavities has an important bearing on the 
development of ethmoid infection. Consequently, enlargement of 
adenoidal tissue, which may prevent adequate ventilation by causing 
obstruction of the nares, is an important factor in the persistence of 
infection. | find it therefore surprising that McAlister et al. have 
excluded lateral radiographs of the sinus as being of little value. It is 
well known that enlargement of adenoidal tissue is seen readily on 
the lateral view and that enlargement may be the key to persistence 
of ethmoid and sinus infection. 

Eric Samuel 
Brenthurst Clinic 
Johannesburg, 2000, Republic of South Africa 
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Reply 


Ours was a prospective study involving children in which we 
compared coronal sinus CT scans with paranasal sinus radiographs 
[1]. Both examinations were performed on the same day. Plain 
radiographs included lateral projections for all patients. We concluded 
that because development of the sphenoid sinuses was insufficient 
in children 3 years old or less, lateral radiographs gave little useful 
information about the sinuses themselves. Our statement about 
lateral sinus radiographs indicated that it applied only to infants and 
children 3 years old or less. Although adenoidal tissue was not 
considered in the study, on review we found two patients in that age 
group who had enlarged adenoids. One problem is the definition of 
enlargement of the adenoids. We decided to use the criteria of Fujioka 
et al. [2]. The adenoids were considered enlarged if they exceeded 
80% of the distance between the posterosuperior edge of the hard 
palate and the anteroinferior edge of the sphenobasioccipital syn- 
chondrosis. 

We do not deny that adenoidal tissue could be a factor in recurrent 
paransal sinus disease in patients 3 years old or less, although 
adenoidectomy in this group has met with little clinical success, 
especially when compared with the results of endoscopic sinus 
surgery [3]. If Dr. Samuels thinks that lateral sinus radiographs are 
valuable in this young age group in the evaluation of adenoidal tissue, 
we do not wish to argue that point. However, we think that lateral 
radiographs add little and can be misleading in the evaluation of the 
sinuses themselves in this age group. 

William H. McAlister 

Mallinckrodt Institute of Radiology 
Washington University Medical Center 
St. Louis, MO 63110 

Rodney P. Lusk 

Harlan R. Muntz 

St. Louis Children’s Hospital 

St. Louis, MO 63110 
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Initials and addresses of corresponding authors are provided in 
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The New England Journal of Medicine 


Effect of fluoride treatment on the fracture rate in postmenopaus- 
al women with osteoporosis. Riggs BL, Hodgson SF, O'Fallon WM, 
et al. (BLR, Mayo Clinic, 200 1st St., S.W., Rochester, MN 55905). 
N Engl J Med 322:802-809, March 1990 


Although fluoride increases bone mass, the newly formed bone 
may have reduced strength. To assess the effect of fluoride treatment 
on the fracture rate in osteoporosis, we conducted a four-year 
prospective clinical trial in 202 postmenopausal women with osteo- 
porosis and vertebral fractures who were randomly assigned to 
receive sodium fluoride (75 mg per day) or placebo. All received a 
calcium supplement (1500 mg per day). Sixty-six women in the 
fluoride group and 69 women in the placebo group completed the 
trial. 

As compared with the placebo group, the treatment group had 
increases in median bone mineral density of 35 percent (P < 0.0001) 
in the lumbar spine (predominantly cancellous bone), 12 percent (P 
< 0.0001) in the femoral neck, and 10 percent (P < 0.0001) in the 
femoral trochanter (sites of mixed cortical and cancellous bone), but 
the bone mineral density decreased by 4 percent (P < 0.02) in the 
shaft of the radius (predominantly cortical bone). The number of new 
vertebral fractures was similar in the treatment and placebo groups 
(163 and 136, respectively; P not significant), but the number of 
nonvertebral fractures was higher in the treatment group (72 vs. 24; 
P < 0.01). Fifty-four women in the fluoride group and 24 in the 
placebo group had side effects sufficiently severe to warrant dose 
reduction; the major side effects were gastrointestinal symptoms and 
lower-extremity pain. 

We conclude that fluoride therapy increases cancellous but de- 
creases cortical bone mineral density and increases skeletal fragility. 
Thus, under the conditions of this study, the fluoride-calcium regimen 
was not effective treatment for postmenopausal osteoporosis. 


Depressed bronchoalveolar urokinase activity in patients with 
adult respiratory distress syndrome. Bertozzi P, Astedt B, Zenzius 
L, et al. (H. A. Chapman, Jr., Respiratory Division, Brigham and 
Women’s Hospital, 75 Francis St., Boston, MA 02115). N Engl J Med 
322:890-897, March 1990 


Abundant deposition of bronchoalveolar fibrin and fibronectin oc- 
curs during the exudative phase of the adult respiratory distress 
syndrome (ARDS), promoting hyaline-membrane formation and sub- 
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sequent alveolar fibrosis. To explore the mechanisms that account 
for the persistence of bronchoalveolar fibrin and fibronectin, we 
compared the activity of urokinase, which is necessary for plasmin- 
ogen activation and fibrin degradation, in cell-free bronchoalveolar- 
lavage fluid from 8 patients with ARDS, 9 patients with acute pul- 
monary diseases other than ARDS, and 10 normal subjects. 

The mean level of urokinase activity in the lavage fluid from the 
patients with ARDS was 0.003 IU per milliliter of fluid (range, 0 to 
0.008), which was significantly lower (P = 0.001) than the level in the 
fluid from either the patients with pulmonary diseases other than 
ARDS (0.118 IU per milliliter [range, 0.032 to 0.295]) or the normal 
subjects (0.129 IU per milliliter [range, 0.045 to 0.198]). The lavage 
fluid from all the patients with ARDS also had antiplasmin activity, 
which would promote the persistence of fibrin. A true decrease in 
urokinase activity was confirmed by the failure of the lavage fluid 
from the patients with ARDS to convert ['*I]plasminogen to plasmin. 
Despite the low urokinase activity, immunochemical assays revealed 
normal levels of urokinase antigen in the fluid from the patients with 
ARDS, suggesting the presence of urokinase inhibitors. Inhibitors 
were demonstrated directly by a fibrin gel-underlay assay that detects 
complexes of urokinase with inhibitors. Plasminogen-activator inhibi- 
tor type 1 was the principal inhibitor identified. 

We conclude that increased antifibrinolytic activity due to both 
urokinase inhibitors and antiplasmins in the bronchoalveolar com- 
partment of patients with ARDS contributes to the formation and 
persistence of hyaline membranes, a key component of alveolar 
histopathology in ARDS. 


Results of single-lung transplantation for bilateral pulmonary fi- 
brosis. Grossman RF, Frost A, Zamel N, et al. (RFG, Mount Sinai 
Hospital, Ste. 427, 600 University Ave., Toronto, Ontario M5G 1X5, 
Canada). N Engl J Med 322:727-733, 1990 


Between November 1983 and August 1989, we performed single- 
lung transplantation for end-stage pulmonary fibrosis in 20 patients. 
Nine patients (45 percent) who survived for more than one year form 
the basis of this report. 

Before surgery, the nine survivors had severe restrictive lung 
disease, with a mean (+SD) vital capacity (VC) of 43 + 9 percent, a 
forced expiratory volume in one second (FEV;) of 50 + 9 percent, 
and a single-breath diffusing capacity (DLCO) of 36 + 9 percent of 
predicted values. One year after transplantation, the patients’ VC had 
reached 69 + 10 percent, FEV; 79 + 15 percent, and DLCO 62 + 
16 percent of predicted values. Relative perfusion to the transplanted 
lung rose from 63 + 14 percent (three days after surgery) to 77 + 7 
percent within three months and stayed constant or increased slightly 
thereafter. 

Before surgery, despite supplemental oxygen at flow rates varying 
from 1 to 9 liters per minute, none of the patients could exercise 
beyond stage ¥ (2.7 km [1.7 miles] per hour, 5 percent grade) on a 
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modified Bruce treadmill-exercise protocol. All eight patients tested 
one year or more after transplantation achieved at least stage 1 (2.7 
km [1.7 miles] per hour, 10 percent grade), and usually a higher 
stage, without supplemental oxygen. Arterial oxygen tension returned 
to normal values in most patients (87 + 13 mm Hg), and supplemental 
oxygen, which all patients required before surgery, was no longer 
needed by any patient after transplantation. 

We conclude that in carefully selected patients with end-stage 
pulmonary fibrosis, single-lung transplantation is an effective treat- 
ment. 


Gastrinomas in the duodenums of patients with multiple endo- 
crine neoplasia type 1 and the Zollinger-Ellison syndrome. Pipe- 
leers-Marichal M, Somers G, Willems G, et al. (MPM, Dept. of Pa- 
thology, Academic Hospital, Vrije Universiteit Brussel, Laarbeeklaan 
101, B1090 Brussels, Belgium). N Eng/ J Med 322:723-727, 1990 


In patients with multiple endocrine neoplasia type 1 (MEN-1), 
gastrinomas are common and thought to occur predominantly in the 
pancreas. We describe eight patients with MEN-1 and hypergastri- 
nemia (seven with the Zollinger-Ellison syndrome) in whom we 
searched for neuroendocrine tumors in the pancreas and duodenum. 

Tumors were found in the proximal duodenum in all eight patients; 
solitary tumors (diameter, 6 to 20 mm) in three patients and multiple 
microtumors (diameter, 2 to 6 mm) in the other five. Paraduodenal 
lymph-node metastases were detected in four patients. Immunocy- 
tochemical analysis revealed the presence of gastrin in all the duo- 
denal tumors and in their lymph-node metastases. In contrast, no 
immunoreactivity for gastrin was present in the endocrine tumors 
found in the seven pancreatic specimens available for study, except 
for one tumor with scattered gastrin-positive cells. In four of the six 
patients whose duodenal gastrinomas were removed, serum gastrin 
levels returned to normal; in the other two patients gastrin concentra- 
tions decreased toward normal. 

We conclude that in patients with MEN-1 and the Zollinger—Ellison 
syndrome, gastrinomas occur in the duodenum, but the tumors may 
be so small that they escape detection. 


Chest 


Pulmonary Wegener’s granulomatosis: a clinical and imaging 
study of 77 cases. Cordier J-F, Valeyre D, Guillevin L, Loire R, 
Brechot J-M (JFC, Hôpital Louis Pradel, Lyon, France 69394). Chest 
97:906-912, April 1990 


We studied 77 patients with biopsy-proven WG and pulmonary 
manifestations, to characterize the nature and frequency of the 
clinical, imaging and endoscopic features of this condition. Pulmonary 
symptoms were cough, mild dyspnea, hemoptysis and chest pain. 
Five patients had no pulmonary symptoms. Imaging features con- 
sisted of nodules, infiltrates and pleural opacities. A CT scan proved 
useful by disclosing cavities in opacities or opacities which were not 
seen on an x-ray film. Fiberoptic bronchoscopy was performed in 74 
patients, and it was macroscopically abnormal in 55 percent (showing 
bronchial inflammation or stenosis or both or isolated hemorrhage). 
Six patients presented with alveolar hemorrhagic syndrome. Four 
patients had a pleural exudate rich in polymorphonuclear leukocytes. 
The WG was limited to the lung in seven patients. Sixteen patients 
died because of active disease or iatrogenic complications (two). An 
improved knowledge of clinical and imaging features of WG could 
help the clinician reach an earlier diagnosis. 


Gastroenterology 


Gallstone dissolution in vitro using methyl tert-butyl ether: radio- 
logic selection criteria. Nelson PE, Moyer TP, Thistle JL (PEN, Dept. 
of Gastroenterology, Mayo Clinic, Mayo Foundation, Rochester, MN 
55905). Gastroenterology 98:1280-1283, 1990 
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Methyl tert-butyl ether dissolves cholesterol gallbladder stones 
when infused through a percutaneous transhepatic catheter. All gall- 
stones, however, contain noncholesterol components that are insol- 
uble in lipid solvents and may be too large to be aspirated through a 
small catheter or flushed from the gallbladder. To identify which 
patients have gallstones that are most likely to completely dissolve, 
we evaluated the ability of methyl tert-butyl ether to dissolve gall- 
stones in vitro based on their radiodensity and size. Radiodensity 
influenced completeness of dissolution (p < 0.01), but size did not (p 
> 0.5). Twenty-six of 32 radiolucent stones (81%) dissolved com- 
pletely, leaving residual debris <2 mm in diameter. Only 2 of 32 
radiopaque stones (6%) dissolved completely. Insoluble radiolucent 
and radiopaque stones <0.5 cm in diameter were black pigment 
stones. Four radiolucent and 19 of 22 radiopaque stones (86%) >0.5 
cm in diameter underwent partial dissolution leaving residual debris 
2 mm or larger. By infrared spectroscopy, calcium bilirubinate and 
calcium carbonate were identified as the principal components of this 
methyl tert-butyl ether-insoluble debris. Until methods for dissolving 
or fragmenting noncholesterol components of gallstones are avail- 
able, only patients with radiolucent gallstones should be treated with 
methyl tert-butyl ether. 


Reprinted with permission by the American Gastroenterological Association. 


A new therapeutic approach for hydatid liver cysts: aspiration 
and alcohol injection under sonographic guidance. Filice C, Pirola 
F, Brunetti E, Dughetti S, Strosselli M, Foglieni CS (CF, Ultrasound 
Laboratory, Dept. of Surgery, |.R.C.C.S. San Matteo, University of 
Pavia, Pavia, Italy). Gastroenterology 98:1366-1368, 1990 


The treatment of hydatid disease is still rather difficult; surgery is 
not always feasible, and there are no definite methods to evaluate 
the outcome of medical treatment. Although percutaneous needle 
aspiration of hydatid cysts has been discouraged because of potential 
complications, e.g., anaphylactic shock or spreading of daughter 
cysts, these risks have never been quantified. Therefore, it was 
decided to treat hydatid liver cysts by aspiration and alcohol injection 
under sonographic guidance using 95% sterile ethanol. Five patients 
are reported who were treated by this procedure without complica- 
tions or relapses during a follow-up period ranging from 10-26 mo. 


Reprinted with permission by the American Gastroenterological Association. 


Achalasia due to diffuse esophageal leiomyomatosis and inher- 
ited as an autosomal dominant disorder: report of a family study. 
Marshall JB, Diaz-Arias AA, Bochna GS, Vogele KA (JBM, Dept. of 
Medicine, University of Missouri-Columbia School of Medicine, Co- 
lumbia, MO). Gastroenterology 98:1358-1365, 1990 


Although achalasia is usually of idiopathic origin, it may be second- 
ary to another disease process such as neoplasia. The first descrip- 
tion of a familial achalasia syndrome that appears to be secondary to 
diffuse esophageal leiomyomatosis with entrapment of nerve ganglia 
is presented. Documented in four generations of a family, the disease 
followed an autosomal dominant mode of inheritance. Long lower 
esophageal sphincter pressure zones and a high incidence of epi- 
phrenic diverticula were interesting accompaniments of achalasia in 
this family. Many achalasia-affected family members have also had 
associated intestinal leiomyomas or neurofibromas. Affected family 
members also had urticaria pigmentosa, and some had systemic 
mast cell disease as well. 


Reprinted with permission by the American Gastroenterological Association. 


Gastrointestinal manifestations of mixed connective tissue dis- 
ease. Marshall JB, Kretschmar JM, Gerhardt DC, et al. (JBM, Dept. 
of Medicine, University of Missouri-Columbia School of Medicine, 
Columbia, MO). Gastroenterology 98:1232-1238, 1990 


We examined the gastrointestinal tract abnormalities in 61 patients 
with mixed connective tissue disease. The first 34 were part of a 
prospective longitudinal study that included manometric and radio- 
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graphic evaluation of the esophagus. Heartburn (48%) and dysphagia 
(38%) were by far the most common gastrointestinal symptoms. 
Seventeen percent of patients undergoing manometry had distal 
esophageal aperistalsis, and 43% low-amplitude peritstalsis (<30 
mmHg). Studies in 10 patients before and after treatment suggested 
that esophageal dysfunction in mixed connective tissue disease may 
be responsive to corticosteroids. Upper esophageal sphincter hypo- 
tension was also common. One patient had marked upper esophageal 
sphincter hypotension and recurrent aspiration, which resolved with 
corticosteroid therapy. Findings on radiographic studies of the stom- 
ach and small bowel in 54 patients and barium enemas in 16 patients 
were reviewed. Our series included one case each of malabsorption, 
colonic and small bowel perforations due to vasculitis, chronic active 
hepatitis, and acute pancreatitis. In conclusion, any area of the 
gastrointestinal tract may be affected by mixed connective tissue 
disease, although the esophagus is the most common location. The 
gastrointestinal aspects of mixed connective tissue disease overlap 
with those of progressive systemic sclerosis, polymyositis, and sys- 
temic lupus erythematosus. 


Reprinted with permission by the American Gastroenterological Association. 


Digestive Diseases and Sciences 


Clinical significance of ultrasonographically detected coincidental 
gallstones. Cucchiaro G, Rossitch JC, Bowie J, et al. (W. C. Meyers, 
Dept. of Surgery, Box 3041, Duke University Medical Center, Durham, 
NC 27710). Dig Dis Sci 35(4):417-421, April 1990 


The clinical profiles of 139 patients with gallstones found coinci- 
dentally during ultrasonography were reviewed and the patients 
followed prospectively for five years. Indications for ultrasonography 
included follow-up of abdominal malignancy (33%), evaluation of 
abdominal aortic aneurysm or other arteriosclerotic vascular disease 
(22%), renal insufficiency (12%), and lower abdominal pain (7%). At 
the time of gallstone detection, 14 patients (10%) had symptoms 
attributable to cholelithiasis. Over the next five years, only 15 patients 
(11%) developed episodes resembling biliary pain. Nine patients 
underwent cholecystectomy during this period. Three of the chole- 
cystectomies were incidental to other abdominal procedures. Two 
cholecystectomies were performed as emergencies for gallstone 
complications with no perioperative mortality. Interestingly, 54 pa- 
tients (40%) with coincidental gallstones died during the follow-up 
period. All the deaths were unrelated to gallstones. These data 
indicate that ultrasonography detected coincidental gallstones rarely 
have clinical significance, lending strong support to the expectant 
management of most patients with purely coincidental gallstones. 


Focal ultrasound lesions in liver cirrhosis diagnosed as regener- 
ating nodules by fine-needle biopsy: follow-up of 12 cases. Ra- 
paccini GL, Pompili M, Caturelli E, et al. (MP, Istituto di Clinica Medica, 
Universita Cattolica del Sacro Cuore, Largo A. Gemelli, 8, 00168 
Rome, Italy). Dig Dis Sci 35(4):422-427, April 1990 


In the period 1985-1988, 62 focal liver lesions in 58 cirrhotic 
patients were studied by ultrasonography; 12 of these focal lesions 
were documented to be regenerating lesions by echo-guided fine- 
needle biopsy. During an average follow-up period of 10.2 months 
(range 3-22 months), hepatocellular carcinoma was subsequently 
found in 10 of the cases of regenerating nodules, whereas the initial 
diagnosis of regenerating nodule was confirmed in the remaining two 
cases. Based upon this finding, it is suggested that every focal mass 
visualized by ultrasonography in a cirrhotic liver should either be 
considered to be a neoplastic lesion or at least a preneoplastic lesion 
if the possibility of either a metastatic or benign lesion (eg, heman- 
giomas, focal fatty liver change areas) can be excluded. Therefore 
either fine-needle aspiration or biopsy of all ultrasonographically re- 
vealed mass lesions within a cirrhotic liver is advised, such that early 
appropriate treatment for hepatocellular carcinoma can be instituted. 
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Contributions of evacuation proctography and anorectal manom- 
etry to evaluation of adults with constipation and defecatory 
difficulty. Wald A, Caruana BJ, Freimanis MG, Bauman DH, Hinds 
JP (AW, Gastroenterology Unit, Montefiore Hospital, Pittsburgh, PA 
15213). Dig Dis Sci 35(4):481-487, April 1990 


We prospectively evaluated 36 patients who complained of chronic 
constipation and/or defecatory difficulties to determine the role of 
anorectal manometry and evacuation proctography in delineating the 
pathogenesis of these complaints. Twenty patients with constipation 
also underwent a colonic transit study with radioopaque markers, 
which identified one group with normal transit (V = 10) and another 
with slow transit (N = 10). Nine of 36 patients (25%) had inappropriate 
puborectalis muscle contraction or exhibited weak expulsion efforts 
during evacuation proctography, and these correlated highly with 
poor rectal emptying of barium paste (20 + 6% vs 61 + 5% in patients 
with normal relaxation; P < 0.01). However, poor rectal emptying did 
not correlate with the presence of high-grade intussusceptions, large 
rectoceles, anorectal angles at rest or with straining, rectal diameter, 
clinical features, or colonic transit. Moreover, abnormal expulsion 
patterns as seen with anorectal manometry correlated poorly with 
the presence of inappropriate puborectalis contraction and decreased 
rectal emptying by proctography. Although anatomic abnormalities 
occurred frequently in patients with constipation and/or defecatory 
difficulties, they were also prevalent in asymptomatic controls. In view 
of these findings, surgical intervention to correct anatomic abnormal- 
ities in patients with constipation and/or defecatory difficulties should 
be considered only with great caution. 


Gastrointestinal Endoscopy 


Endosonography in the clinical staging of esophagogastric car- 
cinoma. Tio TL, Coene PPLO, Luiken GJHM, Tytgat GNJ (TLT, Dept. 
of Gastroenterology and Hepatology, Academic Medical Center, Mei- 
bergdreef 9, 1105 AZ, Amsterdam, the Netherlands). Gastrointest 
Endosc 36:S2-S10, 1990 


Endosonography (ES) was preoperatively performed in 113 pa- 
tients with esophageal carcinoma (group 1) and in 84 patients with 
gastric carcinoma (group 2). Results of imaging and histology of 
resected specimens were correlated according to the new (1987) 
TNM classification. ES was accurate in assessing the depth of tumor 
infiltration. Overall accuracy of ES for group 1 was 89% and for group 
2 83%. Early carcinomas could be distinguished from advanced 
cancers. ES was accurate in diagnosing lymph node metastases 
(sensitivity group 1 95% and group 2 87%) but less accurate in 
defining inflammatory changes of lymph nodes (specificity group 1 
50% and group 2 48%). The incidence of lymph node metastases 
increased with progression of the depth of tumor infiltration. ES is 
not accurate for staging distant metastasis due to the limited pene- 
tration depth of ultrasound. Thus, additional transcutaneous ultra- 
sound or computed tomography is necessary. Routine ES-guided 
cytology of lymph nodes may further enhance the diagnostic accuracy 
of ES. 


Endoscopic biliary drainage in chronic pancreatitis. Deviére J, 
Devaere S, Baize M, Cremer M (JD, Dept. of Gastroenterology, ULB 
Hôpital Erasme, Route de Lennik 808, 1070 Brussels, Belgium). 
Gastrointest Endosc 36:96-100, 1990 


Between April 1982 and March 1988, 25 patients with chronic 
pancreatitis presented with biliary stenosis and significant cholestasis. 
They were treated by endoprosthesis placement. Nineteen patients 
had jaundice, and, initially, seven had cholangitis (including three with 
hepatic abscesses). ERCP was successful in all 25 patients. Cholan- 
gitis, cholestasis, and jaundice resolved in all cases after stent 
placement. Two patients died in the 2 months after treatment. Com- 
plete follow-up (mean duration, 14 months, range 7 to 42 months) 
was available for 19 of the 23 remaining patients. Migration of the 
stent occurred in 10 patients and stent blockage in 8 patients, with 
relapsing cholestasis (N = 12), cholangitis (N = 4), or without symp- 
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toms (N = 2). Only three of these patients are now asymptomatic 
without a stent in place after 12 to 72 months. In all of the other 
cases, stents have been replaced or patients have been treated by 
surgery. We conclude that endoscopic biliary drainage is an effective 
treatment for resolving cholangitis or jaundice in patients with chronic 
pancreatitis and biliary stenosis, but that the results of definitive 
endoscopic drainage for these patients are less satisfactory because 
resolution of the stricture after removal of the stent is rarely obtained. 


Endoscopic ultrasonography in the evaluation of colon and rectal 
disease. Rosch T, Lorenz R, Classen M (TR, Dept. of Internal 
Medicine II, Technical University of Munich, Klinikum Rechts der Isar, 
Ismaningerstr. 22, D-8000 Munich 80, West Germany). Gastrointest 
Endosc 36:S33-S39, 1990 


Endosonography of the colon has until recently been limited to 
examination of the rectum. Rigid and flexible instruments are currently 
available which allow for detailed images of the rectal wall. Compar- 
ative studies suggest that endosonography may be more accurate 
than computed tomography in the preoperative staging of rectal 
carcinoma. Recently, an ultrasound colonoscope has been developed 
which allows for visual examination, biopsy, and endosonography 
throughout the colon. Experience with this technique is limited and 
its role in the evaluation of colonic disease has not yet been deter- 
mined. Further comparative trials are needed to more fully define the 
role of endosonography in the diagnosis of colorectal disease. 


Endoscopic ultrasonography in the diagnosis of pancreatic tu- 
mors. Boyce GA, Sivak MV Jr (MVS, Dept. of Gastroenterology, 
Cleveland Clinic, 9500 Euclid Ave., Cleveland, OH 44195-5164). 
Gastrointest Endosc 36:S28-S32, 1990 


Endoscopic ultrasonography (EUS) can provide high resolution 
images of the pancreatic parenchyma. Complete visualization of the 
pancreas requires scanning from positions in the duodenum and 
stomach. Current clinical experience indicates that EUS is a useful 
adjunct to standard imaging in the evaluation of suspected pancreatic 
tumors. Improvements in technique and instruments are necessary 
to broaden the clinical application of EUS in pancreatic disease. 


The Journal of Bone and Joint Surgery 


Measurement of scoliosis and kyphosis radiographs: intraob- 
server and interobserver variation. Carman DL, Browne RH, Birch 
JG (JGB, Texas Scottish Rite Hospital for Crippled Children, 2222 
Welborn, Dallas, TX 75219). J Bone Joint Surg [Am] 72-A(3):328- 
333, March 1990 


Interobserver variations for measurements of the Cobb angle on 
radiographs of patients who had kyphosis were comparable with 
those on the radiographs of patients who had scoliosis. Four staff 
orthopaedists and one physical therapist measured eight radiographs 
that showed scoliosis and twenty that showed kyphosis. The mea- 
surements were made on two occasions and in random order. For 
scoliosis, the average difference between readings was 3.8 degrees, 
and 95 per cent of the differences were 8 degrees or less (range, 0 
to 10 degrees). These findings were in keeping with those of other 
published reports. For kyphosis, the average difference between 
readings was 3.3 degrees, and 95 per cent of the differences were T 
degrees or less (range, 0 to 30 degrees). One investigator rated the 
kyphosis radiographs with respect to clarity. There was a trend to 
less variation with clearer radiographs, but this was not significant. 
The end-vertebrae were pre-selected for some radiographs and were 
freely chosen by the interpreter for others. Reliability was not signifi- 
cantly improved when the end-vertebrae of the curve had been pre- 
selected. 

Using the statistical method called tolerance limits, we determined 
that if one were to be 95 per cent confident that a measured difference 
represented a true change, the difference would have to be 10 
degrees for scoliosis radiographs and 11 degrees for kyphosis radio- 
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graphs. The probability that a measured difference is due to mea- 
surement error alone (that is, a false-positive reading) was calculated. 


Clinical Orthopaedics and Related Research 


Meniscal pathology: the expanding role of magnetic resonance 
imaging. Crues JV Ill, Ryu R, Morgan FW (JVC, Dept. of Radiology, 
Santa Barbara Cottage Hospital, Pueblo and Bath Sts., Santa Bar- 
bara, CA 93105). Clin Orthop 252:80-87, March 1990 


Magnetic resonance imaging (MRI) is a recently developed diag- 
nostic medical imaging technology that shows great promise in the 
evaluation of knee meniscal diseases. Fifty-seven patient knees were 
evaluated by a single experienced MRI interpreter; the findings were 
compared with arthroscopic findings by a single experienced knee 
arthroscopist. The overall sensitivity and specificity rates of MRI for 
tears in virgin menisci compared to arthroscopy were both 92%. 
These results support reports in the literature that MRI is an accurate 
noninvasive technique for evaluating meniscal tears. Seven patients 
were treated with arthroscopic meniscal repair and were evaluated 
by MRI before and after surgery. Despite an asymptomatic postop- 
erative status in six patients, abnormal intrameniscal signal persisted 
in four. An unstable meniscal fragment was visualized in the patient 
with postoperative pain. MRI is also useful in evaluating meniscal 
degeneration, meniscal ossicles, parameniscal cysts, and abnormal 
meniscal morphology. MRI is the noninvasive diagnostic technique of 
choice in evaluating a spectrum of knee meniscal diseases. 


Correlation of roentgenographic patterns and clinical manifesta- 
tions of symptomatic idiopathic osteoarthritis of the knee. Barrett 
JP Jr, Rashkoff E, Sirna EC, Wilson A (ECS, The Florida Knee Center, 
1660 Gulf to Bay Blvd., Clearwater, FL 34615). Clin Orthop 253:179- 
183, April 1990 


A retrospective review of weight-bearing roentgenograms of 2197 
knees in 1894 patients with symptomatic idiopathic osteoarthritis 
(IOA) revealed six different patterns of tibiofemoral deformity. Five of 
these patterns expand the taxonomic concepts of Ahlback; the sixth, 
“nonproliferative,” was previously undescribed. It was seen exclu- 
sively in patients with varus disease and was characterized by a lack 
of reactive bony changes. Knees with degenerative changes in the 
medial compartment constituted the majority of cases (63%). The 
average age of patients was 72 years for those with varus disease, 
79 years for those with valgus disease, and 84 years for those with 
patellofemoral arthritis (PFA). Bilateral involvement was common only 
in patients with PFA (79%), suggesting a developmental cause for 
this subset. There was a female predominance in valgus and patel- 
lofemoral disease. The authors report here on a classification system 
of IOA that has been designed and modified to reflect the unique 
roentgenographic, epidemiologic, and clinical characterization of the 
six subsets. 


Pediatrics 


Abnormal maxillary sinus radiographs in children: do they repre- 
sent bacterial infection? Arruda LK, Mimica IM, Solé D, et al. (LKA, 
Division of Allergy and Clinical Immunology, Box 225, University of 
Virginia Medical Center, Charlottesville, VA 22908). Pediatrics 
85(4):553-558, April 1990 


Thirty-three children with chronic tonsillitis and/or adenoid enlarge- 
ment and without previous diagnosis of sinusitis were studied re- 
garding the bacterial flora of their maxillary sinuses. Puncture of 
maxillary sinus was performed at surgery (adenoidectomy and/or 
tonsillectomy) and aspirates were cultured. Streptococcus pneumo- 
niae was isolated from 8 of 12 (66.7%) patients whose x-rays showed 
completely opacified maxillary sinus. Streptococcus viridans, Strep- 
tococcus faecalis, and Staphylococcus epidermidis were recovered 
from 6 (28.6%) of the 21 patients with normal maxillary sinus radio- 
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graphs. Bacterial titers were greater than 10* colonies/mL in all but 
one of the positive cultures. No anaerobic bacteria were isolated. 
History of bronchial asthma, presence of nasal purulent secretion, 
elevated blood eosinophils, and elevated serum IgE were found more 
frequently in children with complete opacification of maxillary sinus. 
Serum levels of IgG2 were low in 29% of the children, but no 
Correlation was found between low IgG2 levels and positive cultures 
from maxillary sinus aspirates. We concluded that children with 
complete radiologic opacification of maxillary sinus had bacterial 
infection in almost 70% of the cases with symptoms that did not 
prompt their physicians to consider the diagnosis of sinusitis. 


Reprinted by permission of PEDIATRICS © 1990. 


The Journal of Pediatrics 


Patterns of malformation in children with congenital diaphrag- 
matic defects. Cunniff C, Jones KL, Jones MC (CC, Dept. of Pedi- 
atrics, Slot 512, University of Arkansas for Medical Sciences, 4301 
W. Markham St., Little Rock, AR 72205). J Pediatr 116:258-261, 
Feb. 1990 


The medical records of 102 live-born children with a congenital 
diaphragmatic defect were reviewed to determine the frequency and 
nature of underlying chromosomal, genetic, and nongenetic patterns 
of malformation. Overall, 40 children (39%) had a major nonpulmonary 
malformation, and 14 of these children (14%) had a previously rec- 
ognized pattern of malformation. A group of 18 children (18%) with 
cardiac anomalies had an increased mortality rate in comparison with 
those children without cardiac defects (72% vs 38%). The frequency 
and severity of nonpulmonary abnormalities in children with congenital 
diaphragmatic defects suggest that examination of affected children 
should include cardiac evaluation, a karyotype when the defect is one 
feature of a broader pattern of altered development, and a careful 
evaluation for minor anomalies, which may provide clues to an overall 
diagnosis. 


Toxic shock syndrome: recent developments in pathogenesis. 
Resnick SD (SDR, Dept. of Dermatology, Rm. 137, North Carolina 
Memorial Hospital, Chapel Hill, NC 27514). J Pediatr 116(3):321, 
March 1990 


The staphylococcal toxic shock syndrome is an uncommon but 
important clinical problem that has been the subject of intensive 
research in recent years. Although rare in the pediatric population, 
TSS remains an important consideration in the evaluation of toxic 
exanthematous diseaes in children. It must be distinguished from 
several serious or potentially life-threatening exanthematous dis- 
eases, including streptococcal scarlet fever, streptococcal toxic 
shock-like disease,’ Kawasaki disease, Rocky Mountain spotted 
fever, staphylococcal scalded skin syndrome, leptospirosis, and ery- 
thema multiforme major. 

The recent advances in our understanding of the pathogenesis are 
significant not only for elucidating disease mechanisms in TSS but 
also as a model for approaching the analysis of host-pathogen 
interactions in other infectious exanthematous diseases. This review 
will focus primarily on current views of pathogenesis. The clinical 
features of TSS will be briefly examined, with emphasis on the 
dermatologic findings. Finally, nonmenstrual TSS in the pediatric 
population will be reviewed. 


Predictors of recurrent febrile seizures: a metaanalytic review. 
Berg AT, Shinnar S, Hauser WA, Leventhal JM (ATB, Dept. of 
Pediatrics, Yale University School of Medicine, 333 Cedar St., New 
Haven, CT 06510). J. Pediatr 116:329-337, March 1990 


The 1980 National Institutes of Health Consensus Development 
Conference on Febrile Seizures identified five circumstances in which 
it might be appropriate to consider anticonvulsant prophylaxis after a 
first febrile seizure: (1) a focal or prolonged seizure, (2) neurologic 
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abnormalities, (3) afebrile seizures in a first-degree relative, (4) age 
less than 1 year, and (5) multiple seizures occurring within 24 hours. 
We performed a metaanalysis of 14 published reports to evaluate the 
Strength of association between each of these indications and recur- 
rent febrile seizures. Young age at onset (<1 year) and a family 
history of febrile seizures (not listed in the recommendations) each 
distinguished between groups with approximately a 30% versus a 
50% risk of recurrence. Family history of afebrile seizures was not 
consistently associated with an increased risk. Focal, prolonged, and 
multiple seizures were associated with only a small increment in risk 
of recurrence. The data were not adequate to assess the risk asso- 
ciated with neurologic abnormalities. By considering children with 
combinations of risk factors, some studies were able to distinguish 
between groups with very low and very high recurrence risks. Only 
age at onset was consistently predictive of having more than one 
recurrence. These results suggest that the great majority of children 
who have a febrile seizure do not need anticonvulsant treatment even 
if one of the factors listed in the Consensus Statement is present, 
and that the rationale and indications for treating febrile seizures 
need to be reconsidered. 


Long-term neurophysiologic outcome after neonatal extracorpo- 
real membrane oxygenation. Lott IT, McPherson D, Towne B, 
Johnson D, Starr A (ITL, University of California Irvine Medical Center, 
101 City Dr., Bldg. 27, Rt. 81, P. O. Box 14091, Orange, CA 92613- 
4091). J Pediatr 116:343-349, March 1990 


We examined clinical and neurophysiologic measures in 10 children 
4 to 9 years after neonatal extracorporeal membrane oxygenation. 
Electroencephalograms did not correlate with clinical or other neuro- 
physiologic measures of interhemispheric asymmetry. By ultrasound 
imaging, the right internal carotid artery velocity was approximately 
62% of that on the left, and right internal carotid flow as reduced by 
74% (p < 0.01), whereas an age-matched control group showed no 
differences. A decrease in the amplitude of the long-latency auditory 
and somatosensory evoked potentials was noted over the right 
hemisphere after left-sided stimulation compared with the left hemi- 
spheric potentials after right-sided stimulation (p < 0.005). No signif- 
icant differences in hemispheric symmetry were noted in the ampli- 
tudes for wave V of the auditory brain-stem response or in the Pac 
component of the middle-latency auditory evoked potentials. Like- 
wise, latency measures of the evoked potentials were symmetric. We 
conclude that (1) neonatal extracorporeal membrane oxygenation is 
associated with long-lasting decreased right internal carotid blood 
flow with compensatory increased flow through the left carotid sys- 
tem and (2) there is a consistent reduction in the amplitude of right 
hemispheric long-latency evoked potentials. These latter findings may 
reflect redirected cerebral blood flow patterns after extracorporeal 
membrane oxygenation. 


Neurosonographic features of periventricular echodensities as- 
sociated with cerebral palsy in preterm infants. Pidcock FS, Gra- 
ziani LJ, Stanely C, Mitchell DG, Merton D (FSP, Dept. of Pediatrics, 
Thomas Jefferson University Hospital, Philadelphia, PA 19107). J 
Pediatr 116:417-422, March 1990 


We studied the value of neonatal neurosonograms in preterm 
infants for predicting the development of cerebral palsy (CP). All 
infants born at less than 33 weeks of gestation who were admitted 
to the intensive care nursery of Thomas Jefferson University Hospital 
from 1982 to 1986 were serially studied with cranial ultrasound 
methods that reliably detect neonatal periventricular echodensities 
(PVE) and cysts that are 2 mm in diameter or larger. PVE were 
graded as mild or as moderate to severe, and cyst size was classified 
by widest diameter as either large (=3 mm) or small (<3 mm). All 127 
surviving infants with PVE or cyst formation or both were followed 
until spastic forms of CP could be diagnosed or excluded during late 
infancy. All 26 of the infants in whom spastic CP developed had 
moderate or severe PVE in the area superior and lateral to the 
caudothalamic notch as noted on the parasagittal images of the 
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neonatal neurosonograms. All these infants also developed cysts in 
the periventricular region within the area of the previously noted PVE. 
Mild or moderate to severe PVE were not associated with the 
development of spastic CP in 101 infants. Cysts developed in the 
area of PVE in the neurosonographic studies of 42 of these 101 
infants. Mild PVE without cysts and moderate to severe PVE without 
cysts had negative predictive values for CP of 69% and 76%, 
respectively. By contrast, the presence of moderate to severe PVEs 
with large cyst formation had positive and negative predictive values 
of 90% and 93%, respectively, and was the most sensitive and 
specific neurosonographic finding for predicting CP, with an efficiency 
of 92%. The presence or absence of intracranial hemorrhage did not 
increase the efficiency of the ultrasound test results. 


Journal of Ultrasound in Medicine 


Serial adrenal ultrasonography in normal neonates. Scott EM, 
Thomas A, McGarrigle HHG, Lachelin GC-L. (GCLL, University Col- 
lege and Middlesex School of Medicine, Dept. of Obstetrics and 
Gynecology, 86-96 Chenies Mews, London, WC1E 6HX). J Ultra- 
sound Med 9:279-283, May 1990 


Six serial ultrasound scans were performed on each of 12 healthy 
term babies on days 1, 3, 5, 11, 21, and 42 of extrauterine life in 
order to determine normal neonatal values for various adrenal param- 
eters. Measurements were made of transverse and anteroposterior 
diameters, of circumference and area in the transverse plane, and of 
longitudinal length of the adrenals and kidneys. There was a signifi- 
cant decrease in all adrenal parameters of 22%, 25%, 25%, 44%, 
and 34%, respectively, between days 1 and 5 (p < 0.002) and of 
46%, 39%, 46%, 67%, and 55%, respectively, between days 1 and 
42 (p < 0.00005), whereas the kidneys increased in size over the 
same period. 


Reprinted with permission by the American Institute of Ultrasound in Medi- 
cine. 


Journal of Computer Assisted Tomography 


Cavernous hemangioma of the liver: assessment of MR tissue 
specificity with a simplified T2 index. Mirowitz SA, Lee JKT, Heiken 
JP (JKTL, Mallinckrodt Institute of Radiology, Washington University 
School of Medicine, 510 S. Kingshighway Blvd., St. Louis, MO 
63110). J Comput Assist Tomogr 14(2):223-228, March/April 1990 


This is a comparison of the ability of two quantitative magnetic 
resonance (MR) indices: (a) the second echo signal drop (SESD) (a 
simplifed index of T2 relaxation times that we have developed); and 
(b) the previously described lesion/liver signal intensity ratio (LLR) to 
provide histologic diagnosis in hepatic lesions > 2 cm in diameter. In 
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55 patients 108 hepatic masses [31 cavernous hemangiomas (CH), 
68 metastases, and 9 hepatocellular carcinomas] were scanned at 
0.5 T. Statistically significant differences between CH and malignant 
lesions were obtained in mean SESD (p = 0.0006) and LLR (p = 
0.0008) using repetition time (TR) 2,100/echo time (TE) 35, 60 ms. 
Application of cutoff values derived from receiver-operator character- 
istic analysis led to a correct diagnosis in 100 and 94% of lesions, 
respectively. Using TR 2,100/TE 35, 90 ms in a different patient 
population, CH and malignancies again displayed significantly differ- 
ent mean values, using the SESD (p = 0.0090) and LLR (p = 0.0024) 
methods. These measurements provided a correct diagnosis in 74 
and 81%, respectively. Accuracy was increased in those cases in 
which the diagnosis of SESD and LLR were concordant. When 
compared with visual analysis, these quantitative methods appear to 
achieve near 100% accuracy in the differentiation of hepatic CH from 
malignancies. 


Differentiation of hepatic hemangiomas from metastases by dy- 
namic contrast-enhanced MR imaging. Hamm B, Fischer E, Taupitz 
M (BH, Dept. of Radiology, Klinikum Steglitz, Freie Universität Berlin, 
Hindenburgdamm 30, D-1000 Berlin 45, FRG). J Comput Assist 
Tomogr 14(2):205-216, March/April 1990 


Twenty-nine patients with hepatic hemangiomas (n = 14) and 
hepatic metastases (n = 15) underwent magnetic resonance (MR) 
imaging prior to and after an intravenous bolus injection of Gd- 
diethylenetriamine pentaacetic acid (0.2 mmol/kg). Before contrast 
application, a T2-weighted spin echo sequence (SE 1,600/105) and 
a T1-weighted gradient echo sequence (GE 315/14/90° pulse angle) 
were performed. Beginning with injection of the contrast agent, a 
dynamic study was conducted for 10 min using a moderately T1- 
weighted gradient echo sequence (GE 40/14/40°) with an acquisition 
time of 10.2 s per image. Delayed (11 min) and late (60 min) postcon- 
trast images were obtained using a T1-weighted sequence (GE 315/ 
14/90°). In the dynamic study (0-10 min) the hemangiomas were 
characterized by peripheral contrast enhancement and a subsequent 
hyperintense fill-in. The metastases showed very mixed patterns of 
enhancement after contrast administration, and their signal intensity 
remained low compared with that of the hepatic tissue. In the delayed 
postcontrast examination (11 min) the hemangiomas had a very high 
and homogeneous signal intensity and the metastases were charac- 
terized by an inhomogeneous, hypointense to isointense signal. The 
contrast between tumor and liver [signal-difference-to-noise ratio (SD/ 
N)] was higher for all hemangiomas than it was for the metastases. 
In the T2-weighted precontrast examination, on the other hand, five 
hemangiomas and seven metastases showed an overlap in the SD/ 
N. The late postcontrast images (60 min) did not yield any further 
diagnostic information. We conclude that the combination of a dy- 
namic MR study with delayed postcontrast T1-weighted imaging isa 
useful method of diagnosing hepatic hemangiomas. 


Visiting Fellowships in Ultrasound 


The Division of Ultrasound, Dept. of Radiology and Radiological 
Science, The Johns Hopkins Medical Institutions, Baltimore, is spon- 
soring visiting fellowships in ultrasound, times to be arranged. The 
fellowship is for physicians or sonographers who have been practicing 
ultrasound for at least 6 months. Category 1 credit: 40 hr. Fee: $500. 
Information: Program Coordinator, The Johns Hopkins Medical Insti- 
tutions, Office of Continuing Education, Turner Bldg., 720 Rutland 
Ave., Baltimore, MD 21205; (301) 955-2959. 


Radiology/90: GI Imaging and Intervention 


The Dept. of Radiology, University of Minnesota Medical School, 
is sponsoring its 53rd annual course, Radiology/90: GI Imaging and 
Intervention, Sept. 10-14, at the University of Minnesota campus, 
Minneapolis. Course directors: William M. Thompson, Janis Letour- 
neau, and Robert Halvorsen. Category 1 credit: 30 hr. Fee: $550. 
Information: Continuing Medical Education, University of Minnesota, 
Box 202 UMHC, 420 Delaware St., S.E., Minneapolis, MN 55455; 
(612) 626-5525. 


MRI: Clinical State of the Art 1990 


The Post-Graduate Medical School, NYU Medical Center, is offer- 
ing MRI: Clinical State of the Art 1990, Oct. 3-6, at the NYU Medical 
Center, New York City. Anatomy, applications, techniques, and inter- 
pretation will be emphasized. Areas to be covered include brain, 
spine, bones and joints, cardiovascular system, and body. Interactive 
workshops, including a special 3-day workshop on basic physics of 
MR imaging, will supplement the lectures and can be selected to fil 
the personal needs of registrants. Category 1 credit: 23.5 hr. Fee: 
$490. Information: NYU Medical Center, Post-Graduate Medical 
School, 550 1st Ave., New York, NY 10016; (212) 340-5295. 


International Body Imaging Conference 


The 15th Annual International Body Imaging Conference will be 
held Oct. 6-13 at the Hyatt Regency Maui Hotel, Maui, HI. The 
meeting will include a special focus section on breast imaging. Other 
topics to be covered are MR imaging, CT, sonography, and interven- 
tional radiology. Category 1 credits will be awarded. Fee: physicians, 
$525; residents, interns, technologists. and nurses, $425 (letter re- 
quired). Information: Annual International Body Imaging Congress, 
c/o Medical Seminars International, Inc., 9800 D Topanga Canyon 
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Blvd., Ste. 232, Chatsworth, CA 91311; telephone: (818) 700-9821: 
fax: (818) 881-6062. 


Yale Symposium on Duplex and Color Doppler 
Ultrasound 


Yale Symposium on Duplex and Color Doppler Ultrasound will be 
held Oct. 8-9 at the Trumbull Marriot, Trumbull, CT. Course directors: 
K. J. W. Taylor and Lynwood Hammers. Fee: physicians, $300; 
sonographers, $250. Information: Office of Continuing Education, 
School of Medicine, Yale University, 333 Cedar St., P.O. Box 3333, 
New Haven, CT 06510; (203) 785-4578. 


Tutorial in Italy 


The Radiology Dept., The New York Hospital-Cornell Medical 
Center, in conjunction with the University of Milan, is sponsoring a 
tutorial course at the Grand Hotel Servellino, Lake Como, Italy, Oct. 
10-15. Topics to be covered include imaging and interventional 
radiology. Category 1 credit: 24 hr. Fee: physicians, $475; residents 
and fellows, $275 (letter required). Information: Radiology Postgrad- 
uate Education, Cornell University Medical College, 1300 York Ave., 
New York, NY 10021; (212) 746-2522. 


Michigan Fall Radiology Conference 


The 14th annual Michigan Fall Radiology Conference will be held 
at William Beaumont Hospital, Royal Oak, MI, Oct. 12-13. The 
conference is intended to be both a refresher course and an updating 
in practical aspects of diagnostic radiology, including modern imaging 
techniques. Distinguished leaders in their fields will discuss subjects 
related to problems in daily practice. Guest faculty: E. S. Amis, Jr., 
E. B. Mendelson, and R. D. Pugatch. Category 1 credit: 14 hr. Fee: 
physicians, $175; residents, $75. Information: Program Coordinator, 
Miss Mary Anne Smith, William Beaumont Hospital, Royal Oak, MI 
48073; (313) 551-6199. 


Canadian Association of Radiologists Annual 
Meeting 


The 53rd annual meeting of the Canadian Association of Radiolo- 
gists will be held at the Vancouver Trade and Convention Centre, 
Vancouver, B.C., Oct. 14-18. The meeting will include guest lectur- 
ers, symposia, refresher courses, a quiz show, resident award ses- 
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sions, proffered papers, and scientific and technical exhibits. Infor- 
mation: The Canadian Association of Radiologists, 5101 Buchan St., 
Ste. 510, Montreal, Quebec, Canada H4P 2R9; telephone: (514) 738- 
3111; fax: (514) 738-5199. 


Course on Color Doppler Imaging 


The University of California, Los Angeles, will hold the 2nd annual 
Color Doppler, Oct. 25-27, at the Beverly Hilton Hotel, Beverly Hills, 
CA. The latest clinical information on the uses of color Doppler 
sonography will be provided. An optional evening session on color 
physics will be offered. Category 1 credit: up to 13 hr. Information: 
Mary Grooms, UCLA Ultrasound Section, 10833 Le Conte Ave, Los 
Angeles, CA 90024; (213) 825-8813. 


MR Imaging Update 


The Dept. of Radiology, The New York Hospital-Cornell Medical 
Center, is sponsoring a course on MR Imaging, Dec. 13-15, at 
Cornell University Medical College, New York City. The course will 
discuss MR imaging of the neurologic system, the body, and the 
extremities. Guest faculty: R. N. Bryan. Category 1 credit: 15 hr. Fee: 
Physicians, $295; residents, fellows, and technologists, $150 (letter 
required). Information: John Markisz, M.D., Program Director, Ra- 
diology, Cornell University Medical College, 1300 York Ave., New 
York, NY 10021; (212) 746-6880. 


Future and Present MRI 


The Dept. of Radiology, George Washington University Medical 
Center, Washington, DC, will present Future and Present MRI, Jan. 
9-13, 1991, at the Ritz-Carlton Hotel, Naples, FL. Program director: 
David O. Davis. Category 1 credit: 22 hr. Fee: practicing physicians, 
$515; residents, fellows, and technologists, $325. Information: 
Dawne Ryals, Ryals & Associates, P. O. Box 1925, Roswell, GA 
30077-1925; telephone: (404) 641-9773; fax: (404) 552-9859. 


Advanced Seminars in Diagnostic Imaging 


The Dept. of Radiology, University of California, San Diego, School 
of Medicine, will present Advanced Seminars in Diagnostic Imaging, 
Jan. 19-21, 1991, at the Ritz-Carlton Resort Hotel, Laguna Niguel, 
CA. Program director: David S. Feigin. Category 1 credit: 20 hr. Fee: 
$400. Information: Dawne Ryals, Ryals & Associates, P. O. Box 
1925, Roswell, GA 30077-1925; telephone: (404) 641-9773; fax: 
(404) 552-9859. 


Diagnostic Imaging in Aruba 


The Dept. of Radiology, The New York Hospital-Cornell Medical 
Center, is sponsoring its 16th annual postgraduate course at the 
New Hyatt Hotel, Aruba, Jan. 20-26, 1991. The lectures will cover 
the most up-to-date technical and clinical information on diagnostic 
imaging. Category 1 credit: 30 hr. Fee: physicians, $495; residents 
and fellows, $275 (letter required). Information: John A. Evans, M.D., 
Director, Radiology Postgraduate Education, Cornell University Med- 
ical College, 1300 York Ave., New York, NY 10021; (212) 746-2522. 


International Symposium on MR Imaging 


The Dept. of Radiology, University of Munich; the Dept. of Diag- 
nostic Radiology, National Institutes of Health, U. S. Dept. of Health 
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and Human Services; and the Dept. of Radiology, University of 
California, San Francisco, are sponsoring the 4th international sym- 
posium, MRI, Computed Tomography, and Other Modern Imaging 
Modalities—A Comparison and Advances, Jan. 23-27, 1991, at 
Garmisch-Partenkirchen, Bavaria. Topics to be covered include 
bones, joints, and soft tissues; thorax; brain, spinal cord, and neck; 
abdomen; image quality, three-dimensional techniques, and fast im- 
aging; contrast media; and spectroscopy. Simultaneous translation 
in English and German will be provided. Program directors: Josef 
Lissner, John L. Doppman, and Alexander R. Margulis. Information: 
Sekretariat Prof. Dr. J. Lissner, Radiologische Klinik, Klinikum 
GroBhadern, Marchioninistr. 15, 8000 Munchen 70, West Germany; 
telephone: 89/7095-2750 (add country code); fax: 89/7095-8895. 


International Pediatric Radiology ’91 


International Pediatric Radiology °91, the second conjoint meeting 
of the European Society of Pediatric Radiology and The Society for 
Pediatric Radiology, will be held in Stockholm, Sweden, May 27-31, 
1991. The meeting will include an 8-hr symposium, Pediatric Imaging: 
Update '91; long and short scientific papers; named lectures; scientific 
posters; and technical exhibits. Information: Meeting Secretariat, 
Stockholm Convention Bureau, Box 1617, S-102 39 Stockholm, 
Sweden; telephone: +46-8-23 09 90; fax: 34 84 41. 


New NCRP Members 


The National Council on Radiation Protection and Measurements 
(NCRP) held its regular membership elections at the 1990 annual 
meeting, April 4-5. The following new members were elected: B. G. 
Blaylock, P. L. Carson, C. H. Durney, K. F. Eckerman, H. L. Kundel, 
J. W. Poston, G. S. Roessler, and R. H. Thomas. The following 
members of the council were reelected: S. J. Adelstein, P. R. Almond, 
C. B. Meinhold, and J. E. Till. W. J. Schull was elected an honorary 
member. Dr. Meinhold was named president-elect. 


The American Board of Radiology Examinations 


Written examinations for the American Board of Radiology (ABR) 
are scheduled for Sept. 27-28, 1990, and Oct. 3-4, 1991. Oral 
examinations will be held at the Executive West Hotel in Louisville, 
KY, June 3-7, 1991. The ABR will accept applications for admission 
to the examination after July 1, but not later than Sept. 30, in the 
year preceding the year in which the examination is to be taken. For 
application forms and further information: Office of the Secretary, The 
American Board of Radiology, 300 Park, Ste. 440, Birmingham, MI 
48009. 


Meeting and Course Review 


For the reader’s convenience, a summary of upcoming meetings 
and courses is provided. Detailed listings are given in the AJR issue 
given in parentheses. 


Visiting Fellowship in Interventional Radiology, times arranged, 
Baltimore (Sept 1989) 

Visiting Fellowships at UCSF, times arranged, San Francisco (Sept 
1989) 

Preceptorships in Transrectal Ultrasound of the Prostate, times 
arranged, Ann Arbor, MI (Sept 1989) 

Cyanoacrylate Embolization Course, times arranged, Baltimore 


(July) 


AJR:155, August 1990 


Abdominal Ultrasound, July 30-Aug. 2, Oct. 1-4, and Nov. 12-15, 
Philadelphia (July) 

Imaging on Lake Coeur d’Alene, Aug. 2-4, Coeur d'Alene, ID (June) 
Prostate Ultrasound, Aug. 3, Oct. 5, and Nov. 16, Philadelphia (July) 
Annual Northern Imaging Meeting, Aug. 4-8, Winnipeg, Manitoba 
(March) 

Mackinac Island Imaging Conference, Aug. 6-9, Mackinac Island, 
MI (June) 

Courses in MR Imaging at Emory University, Course for technol- 
ogists, Aug. 6-10, Oct. 15-19, and Nov. 4-10; course for physi- 
cians, Sept. 10-14, Sept. 24-28, Oct. 1-5, Oct. 29-Nov. 2, Nov. 
12-16, and Dec. 3-7; Atlanta (June) 

Summer Imaging and Interventional Techniques VIII, Aug. 13-17, 
Hilton Head Island, SC (June) 

Neurotransmitters: Brain, Heart, and Tumor Response, Aug. 24- 
27, Montreal (June) 

Copenhagen Symposium on Uroradiology, Aug. 27-30, Herlev, 
Denmark (Feb) 

Radiation, Physics, and Biology, Aug. 27-31, New York City (July) 
Physics of Diagnostic Radiology, Nuclear Medicine, and Radiation 
Biology, Sept. 6-9, Sacramento, CA (July) 

Interventional Radiology Update 1990, Sept. 7, Toronto (July) 
Registry Preparation Courses for Sonographers: Ultrasound Phys- 
ics, Sept. 7-8, Dallas; Sept. 24-25, Los Angeles, Sept. 29-30, 
Washington, DC; and Oct. 5-6, Chicago; Doppler Physics, Sept. 9, 
Dallas; Sept. 26, Los Angeles; Oct. 1, Washington, DC; and Oct. 7, 
Chicago; Abdominal Ultrasound Review, Sept. 26-27, Washington, 
DC; and OB/GYN Ultrasound Review, Sept. 28, Washington, DC 
(June) 

Organ Imaging Review, Sept. 9-14, Toronto (July) 

Mammography for the General Radiologist, Sept. 10-13 and Oct. 
22-25, Boston (March) 

Uroradiology Postgraduate Course, Sept. 10-14, Vancouver, B.C. 
(April and July) 

Obstetrics and Gynecology, Sept. 10-14, Oct. 8-12, and Nov. 5- 
9, Philadelphia (July) 

European Society of Head and Neck Radiology Annual Meeting, 
Sept. 12-15, Brescia (Lake of Garda), Italy (Feb) 

Applied Ultrasound: Accent on Doppler, Sept. 12-15, Naples, FL 
(April) 

Musculoskeletal Disorders, Sept. 12-15, Salzburg, Austria (April) 
International Symposium on Biliary Lithotripsy, Sept. 13-15, Mun- 
ich, Germany (June) 

Transrectal Ultrasound and Prostate Cancer, Sept. 14-15, Chicago 
(July) 

MRI for Radiologic Technologists, Sept. 14-15 and Dec. 7-8, 
Houston (July) 

Advances in Mid and Low Field Magnetic Resonance Imaging, 
Sept. 14-16, Portland, OR (June) 

Resident's Review in Physics and Radiobiology, Sept. 14-16, 
Houston (July) 

Interdisciplinary Management of Dysphagia, Sept. 15, San Antonio 
(June) 

Interventional Neuroradiology: Current Practices and Techniques, 
Sept. 16-18, Baltimore (June) 

Tomography for Technologists, Sept. 17-18, and Nov. 12-13, 
Atlanta (June) 

Interventional Radiology/2nd Marmara Medical Days, Sept. 19- 
21, Haydarpasa-Instanbul, Turkey (March) 
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International Meeting on Topics of Interventional Radiology, Sept. 
20-22, Hotel Oranje Noordwyk, the Netherlands (May) 

Radiology in Britain and Brussels, Sept. 23-30, Eastbourne, Sus- 
sex, England, and Brussels, Belgium (May) 

Quantitative Thallium Myocardial Tomography, Sept. 24-25 and 
Oct. 22-23, Atlanta (June) 

International Conference on Ultrasound Angiography, Sept. 25- 
28, London, United Kingdom (Feb) 

Neuroradiology Courses at Harvard: Current Concepts in Neuora- 
diology, Oct. 1-3; Head and Neck Radiology and Neuro-MRI, Oct. 
4-5; Boston (June) 

Royal Australasian College of Radiologists Annual Meeting, Oct. 
5-11, Perth, Western Australia (April) 

Practical Radiology, Oct. 8-11, Charlottesville, VA (May) 
Cardiovascular Imaging and Interventional Radiology, Oct. 9-12, 
Cambridge, MA (June) 

Nuclear Cardiology Symposium and Workshops, Oct. 10-12, Mil- 
waukee (July) 

Magnetic Resonance Imaging 1990: Back to the Future, Oct. 10- 
13, Cincinnati (May) 

American Lithotripsy Society Annual Meeting, Oct. 11-14, San 
Diego (March) 

MR Imaging Course in Riyadh, Saudi Arabia, Oct. 14-17, Riyadh, 
Saudi Arabia (April) 

Digital Imaging and Other New Trends in Clinical Practice, Oct. 
15-18, Boston (June) 

Mammography Update 1990, Oct. 18-19, Madison, WI (July) 
Seminar in Diagnostic Ultrasound, Oct. 18-20, Ann Arbor, MI (July) 
Western Neurological Society Annual Meeting, Oct. 19-21, Santa 
Fe, NM (July) 

Neuroradiology Update, Oct. 19-21, Birmingham, AL (July) 
Update on MR Imaging and CT, Oct. 22-26, Cambridge, MA (June) 
Advanced Neuroradiology Seminar, Oct. 25-27, Orlando, FL (June) 
Advances in Diagnostic Radiology, Oct. 28-Nov. 1, Tucson, AZ 
(July) 

Advances in Color Doppler Sonography, Nov. 1-3, White Sulphur 
Springs, WV (May) 

Symposium on Bone and Soft-Tissue Tumors, Nov. 9-10, Sacra- 
mento, CA (May) 

International Congress of Radiation Research, July 7-12, 1991, 
Toronto. Deadline for Junior Investigators Awards, Oct. 15, 1990: for 
abstracts, Jan. 15, 1991 (May) 





AJR carries announcements of courses, symposia, and 
meetings of interest to its readers if received a minimum of 5 
months before the event. There is no charge; receipt of items 
by the AJR Editorial Office is not acknowledged. Submit items 
for publication typed double-spaced. Provide title, date, loca- 
tion, brief description, sponsor, course directors, fees, cate- 
gory | credit, and address and telephone number for additional 
information. Faculty from the host institution will not be listed. 
Guest faculty names will appear only if initials are provided. 
Mail news items to AJR Editorial Office, 2223 Avenida de la 





Playa, Suite 200, La Jolla, CA 92037-3218. 








American Roentgen Ray Society 91st Annual Meeting 


May 5-10, 1991, Boston, MA 
Sheraton Boston Hotel 


Registration and Hotel Reservations 


Forms for advance registration and hotel reservations will be in the 
February and March 1991 issues of the AJR. 


Scientific Program 


Abstracts of papers to be considered for the program must be 
submitted by November 1, 1990. Forms on which to submit ab- 
stracts are in this issue of the AJR. The ARRS Program Committee 
will select papers and notify authors in early January. The AJR has 
first rights to all papers accepted for presentation at the ARRS meet- 
ing. Send abstract, application, and four copies of the abstract to 


John A. Kirkpatrick, Jr., M.D. 
c/o Paul R. Fullagar 

American Roentgen Ray Society 
1891 Preston White Dr. 

Reston, VA 22091 


Refresher Course Program 


A summary of the refresher courses will appear in the AJR in Feb- 
ruary along with advance registration forms. Early registration is an 
advantage in assuring preferred courses in this popular program. 


Scientific Exhibits 


Proposals for scientific exhibits must reach the Chairman of Ex- 
hibits by November 1, 1990. Forms, which may be photocopied, are 
in this issue of the AJR. Send completed form to 


N. Reed Dunnick, M.D. 

c/o Paul Fullagar 

American Roentgen Ray Society 
1891 Preston White Drive 
Reston, VA 22091 

Telephone (703) 648-8992 


Local Program 


A program of sightseeing, shopping, and entertainment will be de- 
veloped by the Local Arrangements Chairman. Information and ad- 
vance registration forms will be in the February issue of the AJR. 


Residents’ Award Papers 


The society offers several cash awards for the best scientific pa- 
pers prepared by residents in radiology. The President's Award has a 
$2000 prize. There are two Executive Council awards of $1000 
each. All are presented at the annual meeting. Papers should be 
submitted by February 15, 1991, for consideration in this competi- 
tion. Send entries to 


Nancy O. Whitley, M.D. 

Dept. of Radiology 

University of Maryland Medical Systems Hospital 
22 S. Greene St. 

Baltimore, MD 21201 


Deadlines 


Abstracts of papers: November 1, 1990 
Scientific exhibit proposals: November 1, 1990 
Residents’ Award papers: February 15, 1991 





| ADDRESS OF PRESENTING AUTHOR 


Call for Papers | 


American Roentgen Ray Society sss ay 
1991 Annual Meeting: | Sea — 
May 5-10, 1991, Boston, MA | iy, Sate ae 














| Phone: SE a, 





Type title, authors, and abstract in the space provided below. (Instructions are on reverse side of this page. Abstract should not exceed 300 words.) 


Breast Chest CT Gastrointestinal Tract 
Sonography 


Select one category: —— <Angio/Interventional Genitourinary Tract 


MR Neuroradiology Skeletal 























16 mm silent film Ve"VHS Y” 














Projection Requirements: 35 mm, single or double (circle one) 


no. If yes, please describe on reverse side of this page. 








Has this been presented elsewhere? yes 
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Instructions for Scientific Abstracts 


1. 


Type the information single-spaced within the fines. Underline the 
name of the presenting author. Append as a last line of the abstract 
any research grant support, if applicable (e.g., Supported by 
USPHS Grant HE-80144). If the abstract is accepted, it will not be 
proofread; it will appear exactly as typed. Use the following format: 


MR IMAGING OF THE SPINE AND NECK 
F. S. Lau, M.D., A. N. Kirk, M.D., and R. A. Beck, Ph.D. 
University of California, Bakersfield, Bakersfield, CA 92338 


2. Abstracts should include four paragraphs devoted sequentially to 


the following topics: (1) object or purpose. of the study, (2) mate- 
rials, methods, and procedures, (8) results, (4) significance of the 
results and conclusions. The text should not exceed 300 words. 
Specific data are essential. The abstract-should be a succinct 
summary of work done rather than.a promissory note. 


. The Program Committee will grade each abstract and determine 


acceptance. Further information will be forwarded to those whose 
abstracts are accepted for presentation. 


Deadline for submission of abstract is November 1, 1990. Mail abstract and four copies to 


John A. Kirkpatrick, Jr., M.D. 
c/o Paul R. Fullagar 
American Roentgen Ray Society 
1891 Preston White Dr. 
Reston, VA 22091 










Call for Scientific ExhibitS | ror comme use onty 






































A L - 2 
American Roentgen Ray Society ox 
z : Date Received Application No. —— 
1991 Annual Meeting: Subject Score 
l Z n. MA Rejected _________Accepted ___ 
May 5-10, 1991, Boston, eco eee RN 
_ Principal Exhibitor's Mailing Address 
Name : Institution 
l Department__. = Street Address City 
Stale Zip Code Telephone: %fice( ) ome) 
Names of Exhibitors (List principal exhibitor first and telephone number of each person.) 
Last First Middle Telephone Degree Member ARRS? 
{one only} 
an 
Title of Exhibit 


Type abstract single-spaced in the space provided below. (See instructions on the reverse side of this page.) 


Instructions for Abstract 


The abstract should be a brief paragraph that states the purpose, principal information, and conclusions of the exhibit. Promissory statements 
are not acceptable. Type single-spaced in the space provided on the reverse side. Brevity is desirable but not at the expense of specific 
information. The abstract will appear in the program book as submitted. Please use typewriter and complete the application form on both 
sides. List space requirements. 


What Type of Exhibit Is Proposed? (Check one and fill in all appropriate blanks.) 


______.Free~standing. This is a self-contained display created in total by the exhibitor. It may be a fold-open unit, a unit shipped in cases and 
‘assembled on site, or a tabletop unit. Linear feet required 





Poster Board (backboard panels). Backboard panels are 4 x 8 ft. (1.2 x 2.5 m). Number of panels required 
needed, there will be a %4-in. frame separating the panels, thus requiring a separation in the presentation. 


. If two panels are 








Viewbox. Mounted materials (radiographs and other transparencies) for display on the society's illuminators. Each illuminator is 39.5 x 
59.5 in. (100 x 161 cm). Number of illuminators required . Materials should not be glass mounted. 








Please indicate Most Appropriate Category. 

















Breast 
Radiobiology 


Cardiovascular Chest 
Nuclear medicine 


Bone 
Neuroradiology 


Gastrointestinal Genitourinary 
Pediatric Radiation oncology 


Medical physics 
Sonography 


























Exhibits will be chosen on the basis of the quality of the abstract and space available. Poster board exhibits are encouraged, as they do not 
require a viewbox or electricity. 


Signature of Principal Exhibitor 





Exhibitors will receive instructions for exhibit preparation. 


Applications must be received no later than November 1, 1990. Mail original and five copies to 


N. Reed Dunnick, M.D. 

c/o Paul R. Fullagar 
American Roentgen Ray Society 
1891 Preston White Dr. 
Reston, VA 22091 


Telephone: (703) 648-8900 
FAX: (703) 648-9176 
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American Roentgen Ray Society: 
Officers, Committees, and Membership Information 


Officers 


President: M. Paul Capp 

President-elect: John A. Kirkpatrick, Jr. 

tst Vice-president: A. Everette James, Jr. 

2nd Vice-president: Andrew K. Poznanski 

Secretary: Joseph T. Ferrucci, Jr. 

Treasurer: Beverly P. Wood 

Executive Council: R. J. Alfidi, R. N. Berk, M. P. Capp, W. J. 
Casarella, N. R. Dunnick, R. G. Evens, J. T. Ferrucci, Jr., A. 
E. James, Jr., J. A. Kirkpatrick, Jr., A. M. Landry, Jr., J. E. 
Madewell, A. A. Moss, A. K. Poznanski, L. F. Rogers, R. J. 
Stanley, J. H. Thrall, K. H. Vydareny, N. O. Whitley, B. P. 
Wood, G. R. Leopold, chairman 


Committees 


Editorial Policy: R. N. Berk, E. Buonocore, S. v. W. Hilton, M. 
S. Huckman, C. A. Rohrmann, Jr., R. J. Stanley, R. 1. White, 
W. J. Casarella, chairman 

Education and Research: C. B. Higgins, B. J. Hillman, R. A. 
McLeod, R. J. Stanley, W. M. Thompson, N. O. Whitley, 
chairman 

Finance and Budget: R. J. Alfidi, R. K. Gedgaudas-McClees, 
J. R. Thornbury, K. H. Vydareny, J. H. Thrall, chairman 
Nominating: G. A. W. Gooding, L. F. Rogers, K. H. 
Vydareny, chairman 

Publications: E. Buonocore, C. A. Rohrmann, Jr., R. J. Stan- 
ley, R. I. White, W. J. Casarella, chairman 

Membership: J. E. Madewell, A. A. Moss, K. H. Vydareny, R. 
J. Alfidi, chairman 


Representatives to Other Organizations 


American Board of Radiology: J. A. Kirkpatrick, Jr., E. C. 
Klatte, L. F. Rogers 

American College of Radiology: J. M. Dennis, R. A. Gag- 
liardi, J. E. Madewell, B. L. McClennan, R. J. Stanley 
American Medical Association: S. F. Ochsner, delegate; K. 
L. Krabbenhoft, alternate; K. L. Kidd, CPT Advisory Committee 


American National Standards Institute: M. E. Haskin 


National Council on Radiation Protection and Measure- 
ments: F. Miraldi, E. L. Saenger 


Armed Forces Institute of Pathology: J. E. Madewell 


Meeting Arrangements 


Annual Meetings: May 5-10, 1991, Sheraton Boston, Bos- 
ton; May 10-15, 1992, Marriott’s World Center, Orlando, FL 


Annual Meeting Committee: H. C. Carlson, J. K. Crowe, N. 
R. Dunnick, R. R. Lukin, R. J. Stanley, R. D. Steele, Jr., A. M. 
Landry, Jr., chairman 


Instructional Courses: R. J. Stanley, chairman 


Scientific Program: E. Buonocore, D. O. Davis, K. B. Hunter, 
T. C. McLoud, W. A. Murphy, Jr., L. B. Talner, J. H. Thrall, J. 
A. Kirkpatrick, chairman 


Scientific Exhibits: J. R. Haaga, R. G. Ramsey, N. R. Dun- 
nick, chairman 


ARRS Membership 


An application form is printed in this issue of the Journal. 
For consideration at the 1991 ARRS meeting, send completed 
forms before February 1, 1991, to American Roentgen Ray 
Society, 1891 Preston White Dr., Reston, VA 22091. Active 
members are graduates of an approved medical or osteo- 
pathic school or hold an advanced degree in an allied science. 
They must practice radiology or work in an associated science 
in the United States or Canada and be certified by the Amer- 
ican Board of Radiology, American Osteopathic Board of 
Radiology, or Royal College of Physicians of Canada or 
otherwise adequately document training and credentials. Cor- 
responding members are foreign radiologists or scientists who 
are active in radiology or an allied science. Members-in- 
training are residents or fellows in radiology or postgraduate 
students in an allied science. Additional application forms can 
be obtained from the ARRS offices in Reston, VA. 


Business Office 


Paul Fullagar, Executive Director, American Roentgen Ray 
Society, 1891 Preston White Dr., Reston, VA 22091; (703) 
648-8900. 
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Information and Application for Membership in the 
American Roentgen Ray Society 


General Information 


The American Roentgen Ray Society, founded in 1900, has been a forum for progress in radiology since shortly after the discovery of X-rays. 
From its beginning and continuing to today, the ARRS has been guided by dedication to the goal of the advancement of medicine through the 
science of radiology and its allied sciences. 

The goal of the ARRS is maintained through an annual scientific and educational meeting, and through publication of the American Journal of 
Roenigenology. 

The annual meeting consists of instructional courses, scientific sessions, a symposium, scientific exhibits, and commercial exhibits. A special 
categorical course is also offered. Category | CME credits are available on an hour-for-hour basis. 


The monthly American Journal of Roentgenology is a highly respected peer review journal with a worldwide subscription base. For over 75 
years the AJR has been accepted as one of the best specialty journals available in the world, and this reputation grows each month. 


A recently developed quarterly ARRS newsletter keeps members informed of events and general Society news. 


Application Instructions 


Candidates for Active Membership 


1. An Active member must be a graduate of an approved medical school or hold an advanced degree in one of the physical, chemical or 
biological sciences and be certified by the American Board of Radiology, the American Osteopathic Board of Radiology, the Royal College 
of Physicians of Canada, or document training and credentials that are adequate to qualify for membership. Active members shail actively 
practice radiology or one of its branches in the United States or Canada. Such members are eligible to participate in all activities of the 
Society, including membership on committees, and have full voting privileges. 

2. Application must be on an official form, signed by the applicant and at least two members of the American Roentgen Ray Society, active or 
emeritus, in good standing, who endorse the applicant. 

3. Application fee is $50 (payable when billed for dues). 

4. Annual dues are $125, payable on January 1 of each year following the initial year. First year dues will be invoiced following candidate 
election at the annual meeting. Of this amount, $50 is for a 1-year subscription to the American Journal of Roentgenology, beginning with 
the July issue following election to membership. 


5. Application must be received by February 1 for action during the current year’s meeting. 


Candidates for In-Training Membership 


1. In-training members must be serving in a radiology residency program approved by the Radiology Residency Review Committee, the 
American Osteopathic Board of Radiology, or the Royal College of Physicians of Canada, or in an approved post-residency fellowship, or 
be a postgraduate student in an allied science. Training status must be verified by the program director. In-training members have special 
consideration in fees and subscription rates to the Society journal. Such members cannot hold Society offices or vote. 

2. Application must be on an official form and signed by the applicant and by the applicant's training or residency program director. 

3. In-training status is limited to a maximum of five years starting with the entrance date into the radiology residency. In the last year, each in- 
training member will receive an application for active membership from the Society. Those who do not apply for transfer to active membership 
shall be dropped from membership at the end of the fifth year, but can later apply as a new member through the process outlined for active 
status. 

4. There is no application fee. Annual dues are $25. Membership includes a subscription to the American Journal of Roentgenology and 
admission to the annual meeting without payment of the registration fee. 


5. Membership applications will be acted on when received. 


Corresponding Membership 


A corresponding member must meet the qualifications of active membership, but reside and practice in a foreign country. Corresponding 
members shall pay dues and fees, but shail not have the privileges of voting nor of holding elective office. 


All Applicants 


1. Do not remit application fee or dues until requested. 

2. Send completed forms to: American Roentgen Ray Society 
1891 Preston White Drive 
Reston, Virginia 22091 


For ARRS. 


Office Use AMERICAN ROENTGEN RAY SOCIETY 
Date Rec'd —______ APPLICATION FOR MEMBERSHIP 


L.D.# 








Date? 2 cee es Category of Membership: O Active 
(Check One) O Corresponding 
O in-Training 
Name (Please Print) — nn m m «zDeegrree(s) 
First Initial Last 
Mailing Address pe Date of Birth 
Street/Box 


Telephone ( ) 
City/State/Country Zip Code 


A. Education: (List name of institution, years attended, and degree and type received.) 


Undergraduate: 


Graduate (Medical School, Graduate School, etc.): 


Postgraduate (Internship, Residency, Fellowship, etc.): 


.B. Licensure: 


Licensed to practice in 


Sa ve, SINCE 
(Type) (State, Province, etc.) 





C. Appointments/Memberships: (in-Training applicants: skip to Section F on reverse.) 


Present Appointments: Academic 


Hospitals 


Offices or-Committee Assignments: 


Government Service (Military or Civilian) 
{Position} (Years) 


e ie eeeemrnennncemen| 


Continued on Reverse Side 








D. Credentials: 


| hereby certify that | was issued a certificate of qualification in 
. (Specialty) 


in. bythe 
(Year) (Name of Qualifying Board) 


Other Credentials: — 
Signature: 
E. References: 


We, active or emeritus members in good standing of the American Roentgen Ray Society, and acquainted with the 
applicant, do recommend him/her for membership in the Society. (Two references are required.) 





Name (Please Print) 1... ————— 2 
Address 
Signatures: 
F. IN-TRAINING APPLICANTS MUST COMPLETE THIS SECTION 
Credentials: 


| certify that | am serving as a Resident/Fellow in 
(Specialty) 


at . Date program began (begins): n ——————— ; 


(Name of Institution) 


date program to end: . Lunderstand that in-training membership is limited to a 


maximum of 5 years. 


Applicant Signature: 


Verification: (Program Director or Department Chairman only) 


| certify that the applicant is in training at the institution named and qualifies for enrollment as a member-in-training 
of the American Roentgen Ray Society. 


Name (Please Print) 


Address: 


Signature 


Send completed form to: American Roentgen Ray Society 
1891 Preston White Drive 
Reston, Virginia 22091 


Classified Advertisements 


Positions Available 


UCSD SCHOOL OF MEDICINE—The Dept. of 
Radiology at the University of California, San 
Diego, is seeking a diagnostic radiologist to par- 
ticipate in clinical service, medical student and 
resident teaching, and research projects in the 
subspecialty of osteoradiology. Qualificaticns 
required: board-eligibility/certification; California 
medical license; 1-yr fellowship in osteoradiology; 
and 1-yr experience including MRI in osteoradi- 
ology in an academic program. Title Series: assis- 
tant/associate professor (in-residence or clinical 
series); level based on years experience; salary 
commensurate with rank; and step of appoint- 
ment based on the established salary schedule 
of the UCSD School of Medicine Faculty Com- 
pensation Plan. The University of California, San 
Diego, is an equal opportunity/affirmative action 
employer. All CVs received before 8/31/90 will be 
given full consideration. Send to D. Resnick, M.D., 
Chief of Radiology, VA Medical Center, 3350 La 
Jolla Village Dr, San Diego, CA 92161. 8a 


RADIOLOGIST—Excelient opportunity to become 
the sixth member of a group based at a pro- 
gressive teaching facility with university affiliation 
in western suburb of Chicago. All state-of-the-art 
modalities including 2 GE 9800 CT scanners, 
ultrasound, nuclear medicine with SPECT, mam- 
mography, and interventional radiology suite, 
located in the newly rebuilt, modern replacement 
facility of the hospital. MRI located in freestanding 
adjacent facility. Ideal candidate should be BC/BE 
in radiology, energetic and progressive, with an 
interest in general diagnostic radiology. Competi- 
tive salary and benefits leading to equal parity. 
Send CV to P.O. Box 3514, Oak Brook, iL 60522- 
3514. 8a 


DIAGNOSTIC RADIOLOGIST, IMMEDIATE 
OPENING—Large, multispecialty diagnostic 
radiology group located in metropolitan San 
Francisco Bay area seeks board-certified, MR 
fellowship-trained, general radiologist for position 
leading to full partnership status. Send CV to 
Administrator, P.O. Box 2F, San Jose, CA 95109. 
8a 


OVERWORKED? Need a higher income and 
more vacation time? Tired of big city commuting 
and inner-city crime? Want a better quality of life 
but still want a professional challenge? We need 
a BC, capable, motivated radiologist qualified in 
all phases of diagnostic radiology to: join a 6-mem- 
ber group of American-trained, BC radiologists in 
450-bed, tertiary-care hospital, located in 125,000 
populated city, 112 hr from Pittsburgh and 312 hr 
from DC and Baltimore. We do 100,000 examsyyr 
with state-of-the-art equipment. Generous starting 
salary and benefit package with complete and 
equal partnership to follow. Fellowship and/or 
experience preferred. If interested, send CV to 
Jon Abrahams, M.D., Chairman, Dept. of Radi- 
ology, Conemaugh Valley Memorial Hospital, 
Jchnstown, PA 15905; (814) 536-7226. 8-10ap 


ADIRONDACK MOUNTAINS—Lake Placid/Sara- 
nag Lake, NY. Sports capital of U.S. Full-time 
position for BC/BE radiologist to join 2-person 
group in busy hospital practice. All modalities 
except MRI. Early partnership. Contact Steven R. 
Dennis, M.D., PO. Box 1160, Lake Placid, NY 
12946; (518) 523-4792. Bap 


HOUSTON—Group needs additional board- 
certified diagnostic radiologist. Prefer training 
and/or experience in interventional, including 
angiography and percutaneous interventional pro- 
cedures, guided biopsy, ultrasound, CT, nuclear 


7 medicine, and MRI, Please submit CV to Profes- 


sicnal Practice Management, Inc., 1075 Kingwood 
Dr., Kingwood, TX 77339; (713) 358-8113. 8-9ap 


NORTHERN CALIFORNIA/SAN FRANCISCO 
BAY AREA—The Permanente Medical Group is 
seeking a BC radiologist with multimodality inter- 
ests and fellowship training in MR or interven- 
tional radiology to join a 10-person group serving 
a 337-bed, acute-care hospital and 2 outpatient 
Clinics. Teaching opportunities are available with 
residents of subspecialty services on rotation from 
Stanford University Hospital as well as our own 
medical residents. We are currently siting a GE 
1.5-T MRI system and installing a new LU arm. 
Competitive salary and excellent benefits. Please 
send inquiries and CV to Bruce Baker, M.D., 
Chief, Dept. of Radiology, Kaiser Permanente 
Medical Center, 900 Kiely Blvd., AD-AJR, Santa 
Clara, CA 95051; (408) 236-4444. EOE. 8-10a 


VETERANS AFFAIRS MEDICAL CENTER, 
AUGUSTA, GA, is seeking a board-certified 
radiologist. Faculty appointment commensurate 
with qualifications and experience. This 1142-bed, 
tertiary-care medical center is affiliated with the 
Medical College of Georgia (MCG). Augusta 
enjoys a moderate climate, reasonable cost of 
living, numerous recreational facilities, and insti- 
tutions of higher learning. Augusta is known as 
the Garden City of the South and home of the 
Masters Golf Tournament. An equal opportunity 
employer. For additional information, contact 
George T. Jamarik, M.D., Chief, Radiology Ser- 
vice; (404) 823-2236. 8a 


AMARILLO, TX, 4-PERSON GROUP servicing 
a 300-bed adult, medical-surgical hospital and 
a 16-physician internal medicine clinic, has imme- 
diate need for a radiologist with residency train- 
ing in MRI. Interest in neuroradiology would be 
an asset. Hospital has 1-yr-oid CT scanner and 
arteriography suite. Clinic has new CT scanner 
also. GE 1.5-T unit to be installed in hospital by 
Aug. 1990. Interested parties send CVs to Radi- 
ological Associates, 1901 Medi Park PI., Ste. 101, 
Amarillo, TX 79106. 8-10ap 


DIAGNOSTIC RADIOLOGIST—Eight board- 
certified radiologists in expanding, hospital-based 
private practice seek BC/E general radiologist to 
associate. Competence in all modalities expected 
with need for MRI training emphasized. Oppor- 
tunity in midwestern city of 72,000 offers gener- 
ous compensation/vacation. Full partnership 
after 2 yr. Reply to Box D33, AJR (see address 
this section). 8-tap 


RADIOLOGY CHAIR—A chairman of the Dept. 
of Radiology is being sought by the George Wash- 
ington University Medical Center, Washington, 
DC. The radiology dept. includes divisions of 
diagnostic radiology, nuclear medicine, radiation 
oncology, and biophysics. it serves a 500-bed 
general hospital and an extremely active out- 
patient clinic. Candidates should have demon- 
strated experience in patient care, administration, 
research, and teaching. Letter of interest and CVs 
should be sent to Ralph G. DePalma, M.D., Chair- 
man, Radiology Search Committee, George 
Washington University Medical Center, 2150 
Pennsylvania Ave., NW., Ste. 6B-415, Wash- 
ington, DC 20037. Deadline for receipt of appli- 
cations is Dec. 1, 1990. George Washington 
University is an affirmative action/equal oppor- 
tunity (M/F) employer. 8-9a 


TWO BC RADIOLOGISTS, KANSAS CITY, MO 
Six radiologists currently covering a 600-bed, 
tertiary medical center seek a radiologist experi- 
enced in angio/interventional and a 2nd, well- 
rounded radiologist with all capabilities. Positions 
open immediately. Salary and fringe benefits 
competitive. Both positions lead to full partner- 
ship. Send CV and letter of inquiry to J. M. Speck- 
man, M.D., 6400 Prospect, Ste. 310, Kansas City, 
MO 64132. 8-11ap 


FACULTY POSITION IN DIAGNOSTIC RADIOL- 
OGY—The Dept. of Radiology of MetroHealth 
Medical Center, a Case Western Reserve Univer- 
sity-affiliated hospital, invites applications from 
interested qualified radiologists for a faculty posi- 
tion in general diagnostic radiology. Candidates 
should be board-certified with 3 yr experience 
and background in all phases of diagnostic radi- 
ology including fluoroscopy and musculoskeletal 
radiology. A faculty appointment will be made 
commensurate with the candidate’s experience 
and qualifications. MHMC is a 742-bed, Levei 1 
trauma center providing tertiary care and general 
hospital services to the Cleveland metropolitan 
area. The Dept. of Radiology is an active, aca- 
demic dept. fully equipped with state-of-the-art 
equipment in angiography, CT, and ultrasound 
and includes a free-standing MRI suite with a 
second scanner scheduled for installation in fall 
1990. This position provides an excellent oppor- 
tunity for collaborative and individual research, 
medical student and resident education, and pro- 
fessional development. Interested candidates 
should forward CV and other pertinent informa- 
tion to Errol M. Belion, M.D., Director, Dept. of 
Radiology, MetroHealth Medical Center, 3395 
Scranton Rd., Cleveland, OH 44109. MetroHealth 
Medical Center and Case Western Reserve Uni- 
versity are equal opportunity employers, 8-10a 


FACULTY POSITIONS IN NEURORADIOLOGY 
AND CROSS-SECTIONAL IMAGING—The Dept. 
of Radiology of MetroHealth Medical Center, a 
Case Western Reserve University-affiliated hos- 
pital, invites applications from interested qualified 
radiologists for faculty positions in neuroradiology 
and cross-sectional imaging. Candidates should 
be board-certified with fellowship experience in 
their field. The faculty appointment will be made 
commensurate with the candidate’s experience 
and qualifications. MHMC is a 742-bed, Level 1 
trauma center providing tertiary care and general 
hospital services to the Cleveland metropolitan 
area. The Dept. of Radiology is an active, aca- 
demic dept. fully equipped with state-of-the-art 
equipment in angiography, CT, and ultrasound 
and includes a free-standing MRI suite with a 
second scanner scheduled for installation in fall 
1990. These positions provide an excellent oppor- 
tunity for collaborative and individual research, 
medical student and resident education, and pro- 
fessional development. Interested candidates 
should forward CV and other pertinent informa- 
tion to Errol M. Bellon, M.D., Director, Dept. of 
Radiology, MetroHealth Medical Center, 3395 
Scranton Rd., Cleveland, OH 44109. MetroHealth 
Medical Center and Case Western Reserve Uni- 
versity are equal opportunity employers. 8-10a 


THE DEPT. OF RADIOLOGY AT TRIPLER ARMY 
MEDICAL CENTER, HONOLULU, HI, is recruiting 
academic radiologists for several divisions of the 
dept. including ultrasound, chest, skeletal, neuro, 
and general diagnostic radiology. Our dept. offers 
a fully accredited residency program with 20 
residents and 16 attending full-time staff. Numer- 
ous consultants from across the country lecture 
on a continuing and regular basis. The hospital 
is a modern, tertiary-care center serving Hawaii 
and the entire Pacific Basin. A strong residency 
program, diverse and interesting patient popula- 
tion, excellent equipment, and a tropical lifestyle 
are positive aspects of the practice. Academic 
credentials and/or experience are necessary. 
Recently graduated fellows are encouraged to 
apply. Board certification is mandatory. Candi- 
dates should be particularly interested in patient 
care, teaching, and research. Salary and benefits 
are competitive and generous. Tripler is an EO/ 
EEO employer. Please contact Mark F. Hansen, 
M.D., Col., MC, Chief, Dept. of Radiology, TAMC, 
HI 96859-5000; (808) 433-6393, 8-7a 
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NEURORADIOLOGIST—The University of Mass- 
achusetts Medical Center in Worcester has an 
immediate opening for a staff neuroradiologist, to 
join 1⁄2 other neuroradiologists, in the Division of 
Neuroradiology. The medical center is a 370-bed 
university hospital and medical school located in 
Worcester, MA, approximately 40 mi. west of 
Boston. The dept. consists of 22 staff, 12 resi- 
dents, and 2-4 fellows and does approximately 
130,000 exams/yr. The hospital is a major trauma 
center and is serviced by 2 Life Flight helicopters. 
The radiology dept. is modern and well-equipped 
with 2 GE 9800 CT scanners, as well as 3 GE 
1.5-T MRI scanners in a stand-alone facility, and 
a 2.0-T small-bore unit for animal research. For 
further information, contact Edward H. Smith, 
M.D., Professor and Chair, or Ronald L. Ragland, 
M.D., Director of Neuroradiology, Dept. of Radi- 
ology, University of Massachusetts Medical 
Center, 55 Lake Ave. N., Worcester, MA 01655; 
(608) 856-3252 ext. 5965. UMMC is an equal 
opportunity/affirmative action employer. 8ap 


UCSD SCHOOL OF MEDICINE—The Dept. of 
Radiology is seeking a cardiovascular radiologist 
to participate in clinical, teaching, and research 
programs. Qualifications required: board-eligi- 
bility/certification, California medical license, and 
1 yr fellowship in cardiovascular radiology or 
vascular/interventional radiology. Title series: 
assistant/associate professor (in-residence or 
clinical series); level based on years experience; 
salary commensurate with rank; and step of 
appointment based on the established salary 
schedule of the UCSD School of Medicine Faculty 
Compensation Pian. The University of California, 
San Diego, is an equal opportunity/affirmative 
action employer. All CVs received before Oct. 1, 
1990, or thereafter until position is filled, wiii be 
assured full consideration. Send to Joseph J. 
Bookstein, M.D., Professor of Radiology, Dept. of 
Radiology, UCSD Medical Center, 225 Dickinson 
St., San Diego, CA 92103-1990. 8a 


RADIOLOGY/NUCLEAR MEDICINE—Group 
seeks third, full-time, BC/BE radiologist for all 
new multidiscipline imaging center with state-of- 
the-art equipment. Experience in nuclear medi- 
cine/SPECT desirable, but not necessary. All 
modalities except MRI. Located in large, medical 
complex of physicians serving suburban area. 
Prefer individual with 5 yr demonstrated 
experience. Contact Marc B. d'Avignon, M.D., 
Westwood Imaging Center, Avon, CT 06001; 
(208) 673-7666. 8a 

THE DEPT. OF DIAGNOSTIC IMAGING AT 
TEMPLE UNIVERSITY SCHOOL OF MEDICINE 
is seeking board-certified radiologists for the 
following positions. Abdominal! imaging: Selected 
candidate will possess fellowship training and 
experience in abdominal imaging with primary 
interest in body CT, ultrasound, and MRI. Can- 
didate will have clinical responsibility in all areas 
of radiologic practice of abdominal imaging. Effec- 
tive teaching skills and an interest in research 
required. Neuroradiologist: Selected candidate 
will possess fellowship training in neuroradiology 
and experience in invasive neuroradiology for a 
faculty position. Candidate should be skilled in 
teaching, interested in research, and experienced 
in patient care delivery. Candidates interested in 
either position, please contact Francis J. Shea, 
M.D., Professor and Acting Chairman, Dept. of 
Diagnostic Imaging, Temple University School of 
Medicine, Broad and Ontario Sts., Philadelphia, 
PA 19140. Temple University is an affirmative 
action, equal opportunity educator and employer. 
8a 

RADIOLOGIST, SAN FRANCISCO BAY AREA 
Growing outpatient imaging practice with CT/ 
MRI. Salary leading to partnership. Send CV to 
Murray Solomon, M.D., 450 Sutter St., San Fran- 
cisco, CA 94108; (415) 296-8654. 8ap 


CLASSIFIED ADVERTISEMENTS 


IMMEDIATE OPENING, DIAGNOSTIC RADI- 
OLOGIST—Seeking a board-certified radiologist 
as codirector in handling a busy abdominal 
section, CT, ultrasound, MRI, and diagnostic 
procedures. Academic rank is at the level of assis- 
fant or associate professor. Dept. currently per- 
forms 87,000 exams/yr and has a residency 
training program. Strong interest in teaching and 
collaborative clinical investigation is required. 
Compensation commensurate with qualifications 
and experience. Must possess or be able to 
obtain Missouri licensure. Applicants should send 
letters of interest and CV to Fong Y. Tsai, M.D., 
Professor and Chairman, Dept. of Radiology, 
University of Missouri-Kansas City, School of 
Medicine, 2301 Holmes, Kansas City, MO 64108. 
8~10ap 

GI AND GU RADIOLOGISTS—The Dept. of Radi- 
ology at Baylor College of Medicine is seeking 2 
general radiologists, one with interest and exper- 
ience in gastrointestinal radiology and the other 
in genitourinary radiology. These pesitions are 
available immediately and will include clinical and 
teaching responsibilities in the Ben Taub General 
Hospital, a new replacement, 550-bed, acute- and 
tertiary-care facility. New radiographic equipment 
in the hospital includes 5 R/F rooms, 4 linear 
tomographic rooms, 2 CT (GE 9800 Quick), and 
1.5-T MRI (to be installed December 1990). Candi- 
dates should be certified or eligible for certifica- 
tion by the American Board of Radiology and be 
eligible for a Texas medical license. Preference 
will be given to applicants who also have current 
experience in nuclear medicine and are eligible 
for Texas nuclear medical license. Previous clin- 
ical experience in an academic institution, as well 
as demonstrated teaching abilities, is desirable. 
Academic rank and salary commensurate with 
qualifications. Submit CV to Alfred B, Watson, Jr., 
M.D., Associate Professor and Vice Chairman, 
Dept. of Radiology, Baylor College of Medicine, 
One Baylor Plaza, Houston, TX 77030. FAX (713) 
798-3866. Baylor College of Medicine is an affir- 
mative action/equal opportunity employer. 7-9a 


DIAGNOSTIC RADIOLOGIST needed July 1991 
to join an active, 3-person group in Brooksville, 
FL. This rapidly-expanding practice includes 2 
progressive hospitals (1 new in 1991) and a busy 
outpatient radiology practice in a medical com- 
plex. Applicants must have skills in all phases of 
diagnostic radiology including MRI and interven- 
tional work. Package is competitive in terms of 
salary, benefits, future partnership, and enjoyable 
lifestyle. Brooksville is located on the west-central 
coast of Florida in Hernando County, 1 of the top 
5 fastest-growing counties in the nation for the 
past 6 yr. Brooksville is located 12 mi. east of the 
Gulf of Mexico, 45 mi. north of Tampa, and 65 mi. 
west of the Orlando/Disneyworld area. Applicants 
should send CV and other pertinent information to 
Hernando Radiology, PA, P.O. Box 1936, Brooks- 
ville, FL 34605-1936. 7-9ap 


DIAGNOSTIC RADIOLOGIST/TOLEDO, OH— 
Expanding, 20-radiologist, quality-oriented group 
seeks 2 board-certified general radiologists (no 
angio required). Group covers 850-bed tertiary 
hospital; 350-bed suburban hospital; 3 outpatient 
offices; and performs 225,000 exams/yr. All imag- 
ing modalities are represented. Will consider any 
high-quality applicant who can contribute to the 
group, although university training and/or exper- 
tise in a given area such as ultrasound, pediatric 
radiology, MR/CT, or GI radiology desirable. Posi- 
tion leads to equal partnership and combines 
excellent salary with very generous vacation time. 
All practice locations within 15 min of each other 
and are situated in an area of superb family- 
oriented living with excellent schools. Send CV to 
Drs. Keith Wilson or Dave Parker, The Romer 
Bldg., 3912 Sunforest Ct., Toledo, OH 43623; 
(419) 471-4438 (daytime). 7~10ap 
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FULL-TIME BC RADIOLOGIST needed to staff 
outpatient women’s diagnostic center in suburban 
Dallas. Experience in mammography and OB/ 
GYN sonography preferred. No call responsibili- 
ties. Attractive compensation package. Send CV 
to Box Y56, AJR (see address this section). 8xa ` 


DIAGNOSTIC RADIOLOGY, PACIFIC NORTH- 
WEST, MRI, CT AND ULTRASOUND—Progres- 
sive group of 4 radiologists seeks board-certified 
radiologist with subspecialty interest and exper- 
tise in MRI, CT, and ultrasound. Busy, dynamic 
practice in regional medical center hospital, pri- 
vately owned MRI center (presently mobile unit— 
planning for fixed site in spring 1990), plus pri- 
vate outpatient office. Located in beautiful recre- 
ation area in the inland Northwest. World-class 
lakes for boating and sailing. Excellent skiing, 
hunting, and fishing. Family-oriented environment 
30 min from Spokane. Competitive starting salary 
with full partnership in 1 yr. Send CV to Richard 
Hehn, M.D., Radiology Associates of North Idaho, 
1104 lronwood Dr, Coeur d’Alene, ID 83814; 
(208) 667-0686. 8-10ap 


DIAGNOSTIC RADIOLOGISTS—Progressive, 
7-person radiology group on Gulf coast of south- 
west Florida covering 2 private offices and a 
400-bed, acute-care hospital with CT, MRI, inter- 
ventional, and all aspects of diagnostic radiology, 
will assume coverage of a second, newly con- 
structed, smaller hospital in the near future. We 
are seeking 2 additional radiologists — 1 to begin 
immediately and the second to begin July 1991. 
Preference will be given to those applicants with 
fellowship training. Position offers excellent salary, 
vacation benefits, and eventual partnership. For 
further details and information, contact Roberta 
Hernley, Practice Manager, Radiology Regional 
Center, 3680 Broadway, Fort Myers, FL 33901; 
(813) 936-2316. 7-9ap 


DIAGNOSTIC RADIOLOGIST—Board-certified/ 
eligible radiologist with expertise in CT, ultra- 
sound, nuclear medicine, mammography, angi- 
ography, and MRI needed to join group of 4 
board-certified radiologists. Hospital-based prac- 
tice in acute-care, 300-bed hospital with high risk 
OB and neonatal ICU. Excelient relationship with 
hospital administration. Annual volume, 85,000 
exams, State-of-the-art equipment including Sie- 
mens Hi-Q CT, 2 Acuson 128 ultrasound units, 
and SPECT. Siemens 1.5-T MRI being installed. 
Pleasant living area, within 4-hr drive from ski/ 
mountain areas of New Mexico and Colorado, 
draws from regional patient population of 350,000. 
Generous salary and benefits leading to early 
partnership. Contact Gayle H. Bickers, M.D., 
P.O. Box 3460, Amarillo, TX 79116-3460; 
(806) 378-4708. 7-12ap 


MAINE-—-Excellent opportunity for BC/BE, fellow- 
ship-trained radiologist in MRI or neuroradiology 
for general diagnostic position with progressive, 
well-established, small group. Live and work in 
college community in southern region close to 
coast, mountains, and lakes. Competitive compen- 
sation package leading to partnership. Affiliate 
with 200-bed, modern, community hospital. Send 
CV to New England Health Search, 63 Forest 
Ave., Orono, ME 04473; (207) 866-5680 or (207) 
866-5685. 7-10ap 


THE UCLA DEPT. OF RADIOLOGICAL SCI- 
ENCES is seeking an experienced diagnostic 
radiologist for the position of chief of emergency 
radiology. Candidates must have a strong interest 
in teaching, patient care, and radiologic quality 
assurance. Must be ABR-certified and licensed to 
practice in California. Interest in clinical research 
is desirable. Send CV to Hooshang Kangarioo, 
M.D., Chairman, Dept. of Radiological Sciences, 
UCLA School of Medicine, Los Angeles, CA 
90024-1721. EO/AA employer. 7-9a 
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IMMEDIATE OPENING FOR BOARD-CERTIFIED 
DIAGNOSTIC RADIOLOGIST to join a 3-member 
group in desirable north Dallas location. Must 
have expertise in all aspects of diagnostic radi- 
ology including angiography and MRI. Hospital 
and outpatient office practice. Salary commen- 
surate with experience. Serious inquiries only. 
Send CV to Jeffrey Kam, M.D., 11617 N. Central 
Expressway, Ste. 132, Dallas, TX 75243. 7-12ap 


BC/BE DIAGNOSTIC RADIOLOGIST needed 
full-time for an outpatient radiology clinic. Non- 
invasive procedures including fluoroscopy, ultra- 
sound, and mammography. Our facility is centrally 
located in a N.E. Ohio city. Excellent competitive 
salary and fringe benefits. Salary negotiable. 
Please write to Box C19, AJR (see address this 
section). 7-10ap 


CHIEF RADIOLOGIST—The Dept. of Radiology 
of the University of Southern California is expand- 
ing and seeks a Chief of Radiology for a new 
275+ bed University Hospital opening in the 
spring of 1991. Individual must be an experienced 
clinical radiologist with academic and administra- 
tive credentials. Candidates must be licensed in 
California and certified by the American Board of 
Radiology. Salary and academic appointment 
dependent on qualifications. Inquiries with CV 
should be directed to James M. Halis, M.D., 
Chairman, Dept. of Radiology, University of 
Southern California School of Medicine, Box 329, 
1200 N. State St., Los Angeles, CA 90033. An 
equal opportunity/affirmative action. employer. 
7~Bap 

COLUMBUS, OH—Large (31-radiologist), growing, 
well-diversified group seeks an additional board- 
certified diagnostic radiologist well-trained in 
general diagnostic radiology and, preferably, with 
fellowship training. Position leads to full-pariner- 
ship without buy-in expense. Academic appoint- 
ment at OSU possible. Excellent opportunity. 
Send CV to Patrick Cain, M.D., 4040 Longhill Rd., 
Columbus, OH 43220. 7-Sap 


DARTMOUTH-HITCHCOCK MEDICAL CENTER 
is seeking a BC/BE radiologist to be part of a 
community-based hospital practice undergoing 
rapid growth. All modalities except angio; approx. 
10,000 exams/yr. Will be part of multispecialty 
group at a teaching hospital 40 mi. away. Cover- 
age provided for meetings, vacation, and rotation 
through parent dept. Unlimited recreational 
opportunities in college town with nearby lakes 
and mountains. Competitive benefits and salary. 
Write to Harte C. Crow, M.D., Dept. of Radiology, 
Dartmouth-Hitchcock Medical Center, 2 Maynard 
St, Hanover, NH 03756. AA/EEO. 6-8a 


HOSPITAL/PRIVATE OFFICE DIAGNOSTIC 
RADIOLOGISTS—Excellent opportunity in well- 
established Rhode Island practice for general 
tadiologist. Prefer experience or interest in neuro- 
radiology or interventional procedures. Reply to 
Box B4, AJA (see address this section). 6-9ap 


THE DEPT. OF RADIOLOGY, VIRGINIA COM- 
MONWEALTH UNIVERSITY/MEDICAL COL- 
LEGE OF VIRGINIA (VCU/MCV) AND THE 
MCGUIRE VA MEDICAL CENTER, RICHMOND, 
VA seek faculty for positions in diagnostic radi- 
ology (chest, GI, mammography, CT/ultrasound/ 
MR, neuroradiology, pediatrics, ER, angio/inter- 
ventional, and general), and nuclear medicine. 
MCV is a 1058-bed facility (205 for pediatric 
patients) and is a Level 1 trauma center. The 
McGuire VAMC is an 800-bed facility (pediatrics 
excluded). ABR certification or eligibility required. 
Academic rank and salary Commensurate with 
experience. For position description or to submit 
CN, write A. V. Proto, M.D., Dept. of Radiology, 
MCV, Box 470, Richmond, VA 23298-0470; 
(804) 786-7212. VCU/MCV is an equal oppor- 
tunity/affirmative action employer. Women and 
minorities are encouraged to apply. 6-8a 


CLASSIFIED ADVERTISEMENTS 


UTMB, GALVESTON, TX—The Dept. of Radi- 
ology of The University of Texas Medical Branch 
in Galveston has openings for persons trained 
and experienced in ultrasound, mammography, 
and abdominal imaging. The opportunity for 
academic advancement is great and benefits are 
generous. Salaries are competitive and living con- 
ditions are desirable. Interested persons should 
contact Melvyn H. Schreiber, M.D., Chairman, 
Dept. of Radiology, UTMB, Galveston, TX 77550; 
(409) 761-1823. UTMB is an equal opportunity 
M/F/H/V affirmative action employer. UTMB 
hires only those authorized to work in the United 
States. 7-12a 


THE DEPT. OF RADIOLOGY OF THE CHIL- 
DREN’S MEMORIAL HOSPITAL, CHICAGO, is 
seeking a pediatric radiologist. Children’s Memor- 
ial Hospital is a 265-bed facility, well-equipped 
with state-of-the-art MR, CT, ultrasound, and 
nuclear medicine equipment. Currently, there are 
10 attending radiologists in the dept. Applicants 
must be certified by the American Board of 
Radiology and have completed a fellowship in 
pediatric radiology. Duties include clinical ser- 
vices, teaching, and research. Children’s Memorial 
Hospital is affiliated with Northwestern University 
Medical School. Please send CV to Andrew K. 
Poznanski, M.D., Radiologist-in-Chief, Children’s 
Memorial Hospital, 2300 Children’s Plaza, Chi- 
cago, IL 60614. For inquiries, please call (312) 
880-3520. Children’s Memorial Hospital and 
Northwestern University are equal opportunity/ 
affirmative action employers. 7-8a 


DIAGNOSTIC RADIOLOGIST with skills in CT, 
MA, interventional, ultrasound, and nuclear medi- 
cine to join group of 8 board-certified radiologists. 
Growing practice in eastern Washington. 200-bed 
hospital and 4 private offices. Long-term poten- 
tial of practice is excellent. Top-notch school 
system, including 3 first-rate universities. Excel- 
lent hunting, fishing, boating, and skiing. Contact 
L. E. Crecelius, M.D., N. 5901 Lidgerwood, Ste. 
18B, Spokane, WA 99207; (509) 482-2385. 7-12ap 


DIAGNOSTIC RADIOLOGISTS—Progressive 
3-member group in North Carolina Coastal Plain 
seeks 2 BC/BE radiologists. ACR-accredited prac- 
tice includes 350-bed, regional referral hospital, 
outpatient office, and women’s diagnostic center. 
State-of-the-art equipment. Excellent financial 
package. Send letter and CV to Box C13, AJR 
(see address this section). 7-12ap 


FACULTY ULTRASOUND RADIOLOGIST, 
THOMAS JEFFERSON UNIVERSITY HOSPITAL 
Jefferson’s Dept. of Radiology wishes to recruit 
a faculty radiologist to work in our division of 
diagnostic ultrasound. Candidates at all levels will 
be considered. This division is housed in 1 of the 
largest and best equipped facilities in the world 
and is extensively involved in the full range of 
ultrasound studies including obstetrical, vascular, 
echocardiography, invasive, endoluminal, and 
both biliary and kidney stone lithotripsy. A new 
outpatient ultrasound facility is under construc- 
tion adjacent to the main campus. The position 
provides excellent salary and benefits, protected 
research time each wk, and an opportunity to 
become associated with 1 of the most academ- 
ically productive ultrasound groups anywhere. 
Interested individuals should contact either Barry 
Goldberg, M.D. (Director of Ultrasound), or David 
C. Levin, M.D. (Dept. Chairman), at the Dept. of 
Radiology, Thomas Jefferson University Hospital, 
Philadeiphia, PA 19107. Jefferson is an equal 
opportunity/affirmative action employer. 8xa 


IMMEDIATE OPENING - BOSTON SUBURBAN 
RADIOLOGY GROUP—300-bed, university-affili- 
ated, community hospital seeks partner with skills 
or experience in all modalities. Send CV to 
Box B2, AJR (see address this section). 6-8ap 
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CHAIRMAN, DEPT. OF RADIOLOGY—Nassau 
County Medical Center, a 615-bed hospital and 
major teaching affiliate of SUNY/Stony Brook, 
seeks a full-time Chairman for its Dept. of Radi- 
ology. Candidate must be board-certified and 
eligible for SUNY faculty appointment at the level 
of professor. At least 3 yr of experience is required 
in all areas of clinical radiology, research, and 
administration, as are the ability and qualifications 
to manage a residency training program. Send CV 
to Bruce P. Meinhard, M.D., Chairman, Dept. of 
Orthopedics, Nassau County Medical Center, 
2201 Hempstead Tpke., East Meadow, NY 11554. 
Equal opportunity employer. 7-8a 


NEURORADIOLOGIST, BRIGHAM AND WOMEN’S 
HOSPITAL—The Dept. of Radiology at Brigham 
and Women’s Hospital/Harvard Medical School 
is seeking a neuroradiologist for a full-time aca- 
demic position. Research and teaching oppor- 
tunities are available. Candidate must be BC/ 
BE, with fellowship training in neuroradiology. 
Please send CV to B. Leonard Holman, M.D., 
Chairman, Dept. of Radiology, Brigham and 
Women’s Hospital, 75 Francis St., Boston, MA 
02115. Brigham and Women’s Hospital/Harvard 
Medical School is an affirmative action/equal 
opportunity educator and employer. 6-11a 


CHIEF RADIOLOGIST needed to fill retirement 
vacancy at county hospital in Oakland, CA, 20 
min. from downtown San Francisco. Highland 
General Hospital is a Level 2 trauma center and 
has residency programs in medicine, surgery, 
oral surgery, and emergency medicine. Addi- 
tionally, residents rotate from other teaching 
hospitals in orthopedic surgery and ophthal- 


- mology. Currently radiology residents affiliated 


with the University of California at Davis rotate 
through East Bay hospitals including Highland 
General Hospital. Faculty appointment available 
for appropriate candidate. The dept. has 6.2 FTE 
radiologists and 50 technical and support staff. 
Nuclear medicine is a separate service. 66,000 
exams performed per annum. Ten radiographic 
rooms, 1 mammography room, 3 ultrasound 
machines (including Acuson 128 with Doppler), 
1 CT (Picker 1200SX), 1 angiography suite (Picker 
Digicon). Position available June 1991 and-will be 
as an independent contractor to Alameda County. 
Applicant must be board-certified or have equi- 
valent certification, and possess or be able to 
obtain California licensure. Highland General 
Hospital is an EOE. Limited private practice per- 
mitted. Applications, including CV and refer- 
ences, to Medical Staff Office, Attn. Radiology 
Chairman Search Committee, 1411 E. 3tst SŁ, 
Oakland, CA 94602. 6-8a 


CONNECTICUT—Immediate opening for BC/BE 
radiologist to join a group of 7 radiologists. Pro- 
ficiency in MRI preferred. Practice includes a 
435-bed, fully equipped, university-affiliated, com- 
munity hospital and a 47-physician, multispecialty 
Clinic. Excellent salary and benefits leading to full 
partnership after second yr. For information, call 
or send CV to Paul C. Lakin, M.D., Dept. of 
Radiology, New Britain General Hospital, 100 
Grand St., New Britain, CT 06050. 6-9ap 


FULL/PART-TIME BC/BE RADIOLOGIST wanted 
for 187-bed GM&S VA Medical Center. Excellent 
GE equipment, duplex Doppler ultrasound, diag- 
nostic, and fluroscopic. CT interpretation desir- 
able. 18,000 procedures/yr. State university city 
amid hills and lakes in northwest Arkansas with 
cultural and recreational attractions. Competi- 
tive salary and excellent benefits/retirement. 
Call chief of staff; (501) 444-5050. 6-8a 


IMMEDIATE OPENING, PART-TIME, SUBUR- 
BAN BOSTON—300-bed, university-affiliated, 
community teaching hospital seeks BE/BC radi- 
ologist. Flexible hr. Send CV to Box B6, AJR (see 
address this section). 6-Sap 
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‘ALASKA, ANCHORAGE/SITKA—Need public 
service-oriented diagnostic radiologists. Medical 
school loan repayment available. Excellent 
benefits. CT/some interventional. Contact: 
Ken Bartline, Alaska Area Native Health Service, 
-250 Gambel! Street, Anchorage, AK 99501; 
(907) 257-1457 collect. EOE. 8-10a 


IMMEDIATE OPENING—BC/BE neuroradiolo- 
gist to join medium-sized group in Austin, TX. 
Practice covers major trauma center and outpa- 
tient radiology facility. In addition to general 
diagnostic services, outpatient facility also pro- 
vides CT and MRI service on 2 GE 9800 scan- 
ners, GE 1.5-T, and 0.5-T MR units. Applicants 
are requested to contact Drs. Boyd, Gray, or 
Lava, 711 W. 38th St., Ste. B-8, Austin, TX 78705; 
(512) 454-8718. 6-T1ap 


IMMEDIATE, UNEXPECTED OPENING for B/C, 
recently trained diagnostic radiologist, preferably 
with fellowship experience. Busy, 4-member, 
hospital-based practice in beautiful university 
town in central PA, home of Penn State Univer- 
sity, seeks fifth radiologist. All modalities includ- 
ing. mobile MRI, fixed MRI planned. Excellent 
salary and benefits leading to early partnership. 
Send CV with references to R. A. Rockower, 
M.D., Centre Community Hospital, 1800 E. Park 
Ave., State College, PA 16803; (814) 234-6137. 
§~-8ap 

OPENING FOR BC/BE GENERAL RADIOCLO- 
GIST with experience in interventional and vas- 
cular radiology to join a group of 4 radiologists 
for a 160-bed hospital located in Allentown, PA, 
about 60 mi. N.W. of Philadelphia. The daily 
practice includes all aspects of general radi- 
ology, CT, ultrasound, and nuclear medicine. 
Please call or send CV to Asad Shohadai, M.D., 
Allentown Osteopathic Medical Center, 1736 
Hamilton Street, Allentown, PA 18104; (215) 
770-8700. 8xa 


SUMMIT, NJ—Excellent opportunity for diag- 
nostic radiologist with special interest in mam- 
mography to join private-practice group of 13 
radiologists. University-affillated, 600-bed com- 
munity hospital with a radiology residency, 
located in a pleasant suburban setting 25 mi. 
from New York City. State-of-the-art equipment 
including Acuson with color Doppler, Siemens 
Somatom Plus CT, and a 1.5-T Magnetom. Com- 
petitive salary leading to partnership. Please 
send CV to A. Salomon, M.D., 151 Summit Ave., 
Summit, NJ 07901. 5-8ap 


IMMEDIATE OPENING—Four board-certified 
radiologists seek a 5th for a dynamic diagnostic 
and interventional practice in a multispecialty 
clinic attached to a 200-bed hospital. All imaging 
modalities are represented. Excellent benefit 
package includes health, life, disability and 
malpractice insurance, profit-sharing plan, and 
continuing medical education. Fargo is on the 
Minnesota-North Dakota state line, 30 mi. from 
the Minnesota lake country, 250 mi. from both 
Minneapolis-St. Paul, MN, and Winnipeg, Can- 
ada. Contact Douglas Landers, M.D., Dakota 
Clinic, Ltd., PO. Box 6001, Fargo, ND 58108; 
(701) 280-3321. 5-10a 


NEURORADIOLOGIST—Immediate faculty open- 
ing for a fellowship-trained neuroradiologist to join 
an evolving neuroimaging center at the Univer- 
sity of Oklahoma Health Sciences Center, Okla- 
homa City, OK. Academic rank determined by 
previous experience. Salary and benefits are 
highly competitive. Strong commitment to teach- 
ing and research desired. Must be board-certified 
and eligible for senior membership in the ASNR. 
Send cover letter and CV to Don A. Wilson, M.D., 
MR Center of Oklahoma (BMR-10), P. O. Box 
26307, Oklahoma City, OK 73126. Affirmative 
action/equal opportunity employer. 5~10a 


CLASSIFIED ADVERTISEMENTS 


CHALLENGING LOCUM TENENS POSITIONS 
AVAILABLE NOW—Work at your convenience, 
full- or part-time. Competitive compensation. No 
hassles, politics, or paperwork. Paid malpractice 
insurance, housing, and transportation. Put an 
experienced leader to work for you! Contact 
LOCUM Medical Group, 30100 Chagrin Bivd., 
Cleveland, OH 44124; (800) 752-5515. 5-10xa 


NUCLEAR MEDICINE—Excelient opportunity for 
diagnostic radiologist with special interest in 
nuclear medicine, special competency preferred, 
to join private-practice group of 13 radiologists. 
University-affiliated, 600-bed community hospital 
with a radiology residency, located in a pleasant 
suburban setting 25 mi. from New York City. 
State-of-the-art equipment including Acuson with 
color Doppler, Siemens Somatom Plus CT, and 
15-T Magnetom. Competitive salary leading to 
partnership. Please send CV to A. Salomon, M.D., 
151 Summit Ave., Summit, NJ 07901. 5-8ap 


NEURORADIOLOGIST—The University of Texas 
Health Science Center at San Antonio is seeking 
a qualified academic neuroradiologist to fill an 
immediate opening. Send cover letter and CV to 
John R. Jinkins, M.D., Director of Neuroradiology, 
The University of Texas Health Science Center, 
7703 Floyd Curl Dr., San Antonio, TX 78284-7800. 
3-8ap 


SOUTHERN OREGON—Opportunity for BC/BE, 
general diagnostic radiologist to join group of 5 
board-certified radiologists. Experience in ail 
modalities desired. Practice includes 2 hospitals 
and own private office. Competitive starting salary 
with early full partnership. Excellent lifestyle with 
many outdoor activities from Pacific Coast to 
Oregon Cascades. Send CV to Larry Strickland, 
Administrator, Roseburg Radiologists, PC., P. O. 
Box 1547, Roseburg, OR 97478. 5-10ap 


WANTED, JULY 1991—Young, outgoing, BC/BE 
general radiologist to work in 120-bed community 
medical center (1 of 2 Missoula, MT, hospitals) 
covered by 6-person group. We seek someone 
with special interest in ultrasound and mam- 
mography, but also experienced in angiography, 
CT, and MRI. Position leads to directorship of 
dept. in 3 yr. One yr to full partner income, 2 yr 
to full partnership. Missoula, in mountainous 
western Montana, is the home of the University 
of Montana and offers a progressive medical envi- 
ronment with over 150 physicians, as well as 
abundant recreational opportunities including 
skiing, fishing, hunting, and backpacking. Send 
CV to Missoula Radiology, inc., P. O. Box 2039, 
Missoula, MT 59806. 5-9ap 


BC DIAGNOSTIC RADIOLOGIST—Private office 
imaging center. Five-day work wk, no call. MRI 
(GE 15), CT (GE 9800), ultrasound, nuclear 
medicine, SPECT, mammography, routine radi- 
ography, and fluoroscopy. First yr salary and 
benefits, $175,000. Send CV. to Desmond Fischer, 
M.D., 1301 McCallie Ave., Chattanooga, TN 
37404; (615) 622-7212. 5-8ap 


ISRAEL, DIAGNOSTIC RADIOLOGY. Opportun- 
ities for 3-4 week or longer working vacations in 
a number of Israeli medical centers, on a volun- 
teer basis. Positions varied, arrangements flexi- 
ble. For information contact: Jonathan H. Fish, 
M.D., 1844 San Miguel Dr., #302, Walnut Creek, 


` CA 94596; (415) 947-0560. 8-10xa 


RADIOCLOGIST—This 54-physician, multispecialty 
clinic is seeking a second radiologist for general 
radiologic procedures excluding CT and MRI. 
Experience or formal training in mammography 
required. Located in western Montana, abun- 
dant 4-season recreational opportunities. Offered 
Salary and benefits generous. Send CV to Admin- 
istrator, Western Montana Clinic, P.O. Box 7609, 
Missoula, MT 59807. 8-9ap 
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TWO BOARD-CERTIFIED/ELIGIBLE GENERAL 
DIAGNOSTIC RADIOLOGISTS to join expanding, 
11-person group covering 2 hospitals and 2 MR 
sites. ideal private practice in a stable midwest 
community using all imaging modalities and 
interventional techniques. Can start immediately 
or wait until July 1990. Excellent opportunity 
with excellent salary and benefits. Send CV to 
Joseph F. Norfray, M.D., MR Center of Spring- 
field, 319 E. Madison, Springfield, IL. 62701. 8-ttap 


ATLANTA, GA—Rare opportunity to join 3-mem- 
ber group based in smali, rapidly growing, 5-yr- 
old hospital and new outpatient facility. This 
tremendously exciting practice is located in the 
most affluent and family oriented suburb of 
Atlanta, within 30 min. of both downtown and 
beautiful lake resort area. All members of the 
group are proficient in all modalities, including 
MRI. Competitive salary and benefits leading to 
partnership. Send CV to Stephen Bruno, M.D., 
2215 Roxburgh Dr, Roswell, GA 30076. 8-9ap 


Positions Desired 


EXPERIENCED, COMPATIBLE GROUP of up to 
4 BC radiologists seeks contract in quality Sun- 
belt hospital. Strong in all modalities including 
interventional, MRI, ultrasound, and CT. Impec- 
cable track record, credentials, and references. 
Prefer separate billing. Please respond to Box 
D31, AJR (see address this section). 8-10bp 


Fellowships and Residencies 


FELLOWSHIP IN NEURORADIOLOGY—A fellow- 
ship position in neuroradiology is available July 
1, 1991, in the Dept. of Radiology at New England 
Medical Center Hospitals, Boston, MA. The 
hospital is the teaching unit of Tufts University 
School of Medicine. The program is for 2 yrs and 
includes both adult and pediatric case material. 
The fellow will be trained in the technique and 
interpretation of carotid and vertebral angiography 
as well as myelography. CT and MAI of the head 
and spine form major components of the neuro- 
radiology service, as does interventional neuro- 
radiology. Neuroradiological services at the New 
England Medical Center Hospitals are carried out 
in liaison with the Depts. of Neurology; Neuro- 
surgery, and Pediatric Neurology. Joint radiologic 
and clinical conferences are held frequently and, 
within a short time, the applicants. will have con- 
siderable exposure to an array of neuroradiologic 
material. The Dept. of Neuropathology also runs 
a monthly conference, allowing correlation to be 
made between radiologic interpretation and path- 
ology. Interested applicants should call Samuel 
M. Wolpert, M.D., Professor of Radiology and 
Neurology, Director of Fellowship Program; 
(617) 956-6333. 8-10cp À 

WOODWARD FOUNDATION FELLOWSHIP IN 
MAMMOGRAPHY—A comprehensive experience 
in a unique and innovative multicenter mam- 
mography screening program, including admin- 
istrative, computerization, -and epidemiological 
components; hospital-based breast imaging pro- 
cedures; surgical and pathologic correlation; 
and research and lectures in the field. Applicants 
must be board-qualified in diagnostic radiology; 
experience in lecturing and publication preferred. 
Fellowship will commence Jan. 1, 1991, or later 
for a period of 6 mo to 1 yr at $45,000 (CAN) per 
annum. This fellowship is offered in the beautiful 
city of Vancouver, B.C. Vancouver offers a wide 
variety of cultural and recreational amenities in 
a spectacular west coast location. Please send 
letter of inquiry with CV to Linda Warren, M.D., 
Executive Director, Screening Mammography 
Program of British Columbia (SMPBC), 303, 
828 W. 8th Ave., Vancouver, B.C., V5Z 1E2, 
Canada. 8-9cp 
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PEDIATRIC RADIOLOGY, THE JOHNS HOP- 
KINS HOSPITAL—The Dept. of Radiology has 
an opening for a fellow in the Division of Pediatric 
Radiology beginning July 1991. The division per- 
forms approximately 25,000 radiographic pro- 
cedures/yr. We are actively involved in ultrasound, 
CT, and MR imaging of children. Excellent teach- 
ing and research opportunities exist. Please can- 
tact George A. Taylor, M.D., or George P. Saba, 
M.D., Dept. of Radiology, The Johns Hopkins 
Hospital, 600 N. Wolfe St., Baltimore, MD 21205; 
(301) 955-6141/(301) 955-7700. An equa! oppor- 
tunity/affirmative action employer. 8-10c 


FELLOWSHIP IN ULTRASOUND AND BODY 
CT/MRi—Unexpected opening available for 
duly 1, 1990. A 1-yr body imaging fellowship at 
the Dept. of Radiology, University of Rochester 
Medical Center, a 750-bed, tertiary-care hospital. 
State-of-the-art equipment available. Applicants 
must have completed an approved residency in 
diagnostic radiology and must be board-eligible/ 
certified. For inquiries, please contact Deborah 
d. Rubens, M.D., Dept. of Radiology, Box 648, 
University of Rochester Medical Center, Roches- 
ter, NY 14642; (716) 275-8365. EO/AA/M-F 
employer. 8c 


FELLOWSHIP IN VASCULAR/INTERVENTIONAL 
RADIOLOGY-The Dartmouth-Hitchcock Medical 
Center will offer a 1-yr fellowship beginning July 
1, 1991. The program includes experience in the 
full spectrum of noncardiac angiography as well 
as urologic, biliary, and guided biopsy procedures. 
Approximately 1800 diagnostic and interventional 
procedures were performed in 1989. The position 
involves interaction with residents and medical 
students. Clinical research is encouraged. The 
dept. will be based in a newly opened, tertiary- 
care, teaching hospital located in a nonurban set- 
ting in northern New England. Two new digital 
interventional suites will be opened in Sept. 1991. 
For additional information, please contact Peter 
K. Spiegel, M.D., Dept. of Diagnostic Radiology, 
Dartmouth-Hitchcock Medical Center, 2 Maynard 
St., Hanover, NH 03756. DHMC is an affirmative 
action/equal opportunity employer and encour- 
ages applications from members of minority 
groups. 8xc 


FELLOWSHIP IN NEURORADIOLOGY—The 
Dept. of Radiology, University of Massachusetts 
Medical Center, offers a 1-yr fellowship position 
in neuroradiology starting July 1, 1991. Training 
is offered in neuroangiography, CT, myelography, 
and MRI. The position involves teaching medical 
students and residents, with opportunity for 
research. The University of Massachusetts Medi- 
cal Center is a 370-bed, university hospital and 
medical school, located in Worcester approxi- 
mately 40 mi. west of Boston. The dept. consists 
of 22 staff, 12 residents, 2-4 fellows, and does 
approximately 130,000 exams/yr. The hospital is 
a.major trauma center and is serviced by 2 Life 
Flight helicopters. The dept. is well-equipped with 
2 modern CT scanners, 2 1.5-T GE MR scanners, 
and a 2.0-T small-bore unit for animal research. 
The University of Massachusetts Medical Center 
Hospital is very active academically. Numerous 
radiologic, clinical, and basic science conferences 
are scheduled on a daily basis, and there is 
ampie time during the course of the year to 
attend many of these presentations. The follow- 
ing position carries the title of instructor in radi- 
ology. For further information, contact Ronald L. 
Ragland, M.D., Director, Division of Neuroradi- 
ology, University of Massachusetts Medical Cen- 
ter, 55 Lake Avenue N., Worcester, MA 01655; 
(508) 856-5965. The University of Massachusetts 
Medical Center is an affirmative action/equal 
opportunity employer. 8cp 


CLASSIFIED ADVERTISEMENTS 


FELLOWSHIPS AT THOMAS JEFFERSON UNI- 
VERSITY HOSPITAL—The Dept. of Radiology at 
Thomas Jefferson University Hospital in Phila- 
deiphia offers the following fellowship programs 
each yr. Ultrasound/CT/MRI — Jefferson’s ultra- 
sound division is 1 of the largest in the world and 
performs all currentiy available exams inciuding 
obstetric, vascular, lithotripsy, invasive, and endo- 
luminal. We also operate 4 GE 1.5-T MRI units 
and 3 CT scanners. Contact Barry Goldberg, 
M.D., regarding this program. Cardiovascular/ 
interventional — this division is housed in a new 
suite containing Philips angio units with DSA and 
performs the full range of vascular and non- 
vascular interventional procedures. Contact 
Geoffrey Gardiner, Jr, M.D. Neuro/ENT radiology 
— very active clinical services supply a wealth of 
material to this division, which is housed in a 
neurosciences imaging center containing all 
imaging modalities. Contact Carlos Gonzalez, 
M.D. Breast imaging — Jefferson’s new breast 
imaging center performs approximately 85 
Studies/day including ultrasound and needle 
localizations. Contact Stephen Feig, M.D. Chest 
— inciudes biopsies and CT. Contact Robert 
Steiner, M.D. MRI — a dedicated body MRI pro- 
gram including excellent research opportunities 
in addition to a large clinical case toad. Contact 
Matthew Rifkin, M.D. Ultrasound — a dedicated 
ultrasound program. Contact Barry Goldberg, 
M.D. Musculoskeletal — includes MRI of the 
musculoskeletal system. Contact David Karasick, 
M.D. All program directors listed above can be 
contacted at the Dept. of Radiology, Thomas Jef- 
ferson University Hospital, Philadelphia, PA 19107. 
Jefferson is an equal opportunity/affirmative 
action employer. 8xc 


THE DEPT. OF RADIOLOGY, UNIVERSITY OF 
ARKANSAS FOR MEDICAL SCIENCES, LITTLE 
ROCK, AR, has openings for fellowships to begin 
July 1991. Positions are available in body imag- 
ing/intervention, neuroradiology, vascular and 
interventional radiology, and pediatric radiology. 
Interested candidates should contact these pro- 
gram directors: imaging/intervention — Teresita 
L. Angtuaco, M.D., or Steven K. Teplick, M.D.; 
neuroradiology — Edgardo A. Angtuaco, M.D.; 
vascular and interventional radiology — Timothy 
C. McCowan, M.D.; pediatric radiology — Joanna 
d. Seibert, M.D. All program directors listed above 
can be contacted at the Dept. of Radiology, 
University of Arkansas for Medical Sciences, Slot 
556, 4301 W. Markham St., Little Rock, AR 72205; 
(501) 686-5740. 8c 


FELLOWSHIP IN ULTRASOUND/CT/ANGIO- 
INTERVENTIONAL—A 1-yr fellowship program 
available beginning July 1991 at Lehigh Valley 
Hospital Center in Allentown, PA. LVHC is a 
492-bed, acute-care, university-affiliated- hospital. 
The fellowship program offers training in CT 
(head and body), ultrasound, angiography (neuro 
and visceral), and interventional radiography. MRI 
experience is also available. For further informa- 
tion, contact Robert Kricun, M.D., Dept. of Radi- 
ology, Lehigh Valley Hospital Center, P.O. Box 
689, Allentown, PA 18105. 8-10c 


INTERVENTIONAL/ANGIO/ADVANCED BODY 
IMAGING FELLOWSHIP IN SAN FRANCISCO 
AREA—Avaiiabie July 1, 1991. One-yr fellowship 
program at 350-bed Stanford University—affiliated 
hospital and 2 private hospitals. Extensive clinical 
experience involving all aspects of interventional 
vascular and nonvascular procedures. Fellow will 
also participate in MRI scanning and CT scan- 
ning including 3-D reconstruction capability. Send 
inquiries and CV to Robert Filpi, M.D., Valley 
Radiologists Medica! Group, Inc., RO. Box 2F, 
San Jose, CA 95109. 8c 
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NEURORADIOLOGY FELLOWSHIP, THOMAS 
JEFFERSON UNIVERSITY HOSPITAL — An 
unexpected opening for a neuroradiology fellow 
is avaitable in the Dept. of Radiology at Thomas 
Jefferson University Hospital, beginning July 
1990. The Division of Neuroradiology has close 
clinical and research relationships with Jeffer- 
son's very active neurology, neurosurgery, ortho- 
pedic surgery, and otolaryngology departments. 
Compiete training in ENT radiology is part of this 
program. Five full-time faculty members currently 
staff this division. Clinical facilities include 2 
dedicated CT scanners, a myelography room, a 
biplane angiography room with DSA, and a GE 
1.5-T MRI unit. Two more MRI units will be opera- 
tional by the summer of 1990. Contact Carlos 
Gonzalez, M.D., Director of Neuroradiology, 
1009 Main Bidg., Thomas Jefferson University 
Hospital, Philadelphia, PA 19107; (215) 928-5447. 
Jefferson is an affirmative action/equal oppor- 
tunity employer. 8xc 


UNEXPECTED OPENING - FELLOWSHIP IN 
MAGNETIC RESONANCE IMAGING at Central 
Massachusetts Magnetic Imaging Center, July 
1990 through June 1991. CMMIC is a consortium 
of 3 area teaching hospitais including a univer- 
sity hospital with a mixture of clinical and research 
responsibilities, dedicated to furthering the appli- 
cations and addressing the educational require- 
ments of MRI. CMMIC currently uses 2 clinical 
1.5-T GE Signa systems capable of multifaceted 
imaging as well as a 2.0-T GE Fremont CS! 
research system. The fellowship will include 
thorough training in MRI physics, imaging prin- 
ciples, clinical applications, and image interpre- 
tation. Duties will include image interpretation of 
neuro, musculoskeletal, pediatric, and cardiac 
studies, daily supervision of scanning, teaching 
file maintenance, and participation in CMMIC’s 
numerous teaching and research responsibilities. 
Requirements include satisfactory compietion of 
a 4-yr accredited radiology training program and 
board eligibility or certification. Please send 
inquiries to Ronald Ragland, M.D., Medical Direc- 
tor, CMMIC, Inc., 367 Plantation St., Worcester, 
MA 01605. 7-8cp 


NUCLEAR MEDICINE RESIDENCY, JULY 1, 1990 
San Francisco General Hospital Medical Center, 
University of California, San Francisco, Program 
B, 2-yr ACGME approved program satisfying 
American Board of Nuclear .Medicine training 
requirements both in basic science and perform- 
ance/interpretation of imaging and non-imaging 
in vivo procedures, radioimmunoassay, and radio- 
nuclide therapy. Emphasis on SPECT, nuclear 
cardiology, use of computers. Prerequisite: 2 yr 
ACGME approved residency in internal medicine, 
pathology, pediatrics, or radiology. Send CV to 
Myron Pollycove, M.D., Chief, Nuclear Medicine 
Dept., San Francisco General Hospital Medical 
Center, San Francisco, CA 94110. Equal oppor- 
tunity/affirmative action employer. 7-8c 


FELLOWSHIP IN MAMMOGRAPHY—The Emory 
University Dept. of Radiology offers a 6- or 12-mo 
fellowship in mammography. Approximately 17,000 
mammograms are performed annually through a 
600-bed university hospital, a 900-bed county 
hospital, and an outpatient clinic. Clinical acti- 
vities include extensive training in all aspects of 
mammography, breast ultrasound, stereotactic 
fine-needle aspirations, and biopsy. Candidates 
should be eligible for Georgia medical licensure. 
Contact Beth Kruse, M.D., Section of Radiology, 
The Breast Imaging Center, 1327 Clifton Rd., 
N.E., Atlanta, GA-30322; (404) 248-4446. Emory 
University is an equal opportunity/affirmative 
action employer. 7-10c 
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FELLOWSHIPS IN PEDIATRIC RADIOLOGY, 
JULY 1991—The Dept. of Radiology, Children’s 
Hospital Medical Center, Cincinnati, OH, offers 1- 
or 2-yr fellowships in pediatric radiology beginning 
July 1991. Children’s Hospital Medical Center is a 
355-bed institution where approximately 100,000 
radiological exams are performed annually by 13 
full-time faculty radiologists. Four fellowship posi- 
tions are available annually. Training includes all 
aspects of pediatric imaging: neonatal radiology, 
neuroimaging, musculoskeletal radiology, cardio- 
vascular and thoracic imaging, abdominal imag- 
ing, oncologic imaging, ultrasonography, nuclear 
medicine, CT, MRI, and vascular/interventional 
techniques. Facilities include digital fluoroscopy, 
Acuson and ATL ultrasound units with Doppler 
and color-flow Doppler capabilities, Gamma and 
SPECT tomographic nuclear cameras, GE 9800 
Quick CT scanner, 1.5-T GE MRI, and cardiac 
catheterization/angiographic suite with digital 
vascular imaging. Numerous opportunities to par- 
ticipate in both clinical and basic research. Salary 
and fringe benefits are highly competitive. Candi- 
dates must be board-certified or board-qualified 

. in diagnostic radiology and must be able to obtain 
an Ohio medical license. Children’s Hospital Med- 
ical Center and the University of Cincinnati Col- 
lege of Medicine are affirmative action/equal 
opportunity employers. Address inquiry and CV 
to Donald R. Kirks, M.D., Director, Dept. of Radi- 
ology, Children’s Hospital Medical Center, Elland 
and Bethesda Aves., Cincinnati, OH 45229-2899; 
(513) 559-8058.. 1-12cp 


NEURORADIOLOGY FELLOWSHIP—tThe Dept. 
of Diagnostic Radiology at William Beaumont 
Hospital offers a 1-yr neuroradiology fellowship 
with a second yr optional for selected candidates. 
The dept. performs more than 220,000 exams/yr, 
including more than 9700 angio/interventional 
procedures, 950 myelograms, 15,000 head and 
spine CT exams, and 4500 MR exams. State-of- 
the-art equipment includes 1.0-T Siemens Mag- 
netic Resonance Scanner; 4 CT scanners; 2 new 
angiography suites; biplane myelography suite; 
and Polytome Room. A second 1.5-T MR unit and 
a PET scanner will be operational in 1990. Excel- 
lent stipend and benefits. Eligible candidates 
must have completed a diagnostic radiology resi- 
dency and be board-certified or eligible and have 
a Michigan medical license. Send inquiries to 
A. M. Wang, M.D., or D. Wesolowski, M.D., Co- 
‘Directors, Division of Neuroradiology, Dept. of 
Diagnostic Radiology, William Beaumont Hospital, 
3601 W. 13 Mile Rd., Royal Oak, MI 48073. 7~9c 


FELLOWSHIP IN MUSCULOSKELETAL RADI- 
OLOGY — The Emory University, Dept. of Radi- 
ology, offers a 1-yr fellowship in musculoskeletal 
radiology starting July 1, 1991. Clinical activities 
include MRI, CT, needle biopsies, arthrography, 
and QCT. The musculoskeletal section is staffed 
by 3 full-time radiologists. Experience includes 
a wide range of musculoskeletal disease and 
trauma through a 600-bed university hospital, 
a 900-bed county hospital, a 160-bed pediatric 
hospital, and 2 outpatient clinics. Candidates 
should be eligible for Georgia medical licensure. 
Contact Terry M. Hudson, M.D., Section of Radi- 
ology, The Emory Clinic, 1365 Clifton Rd., N.E., 
Atlanta, GA 30322; (404) 248-4354 or (404) 
248-5834. Emory University is an equal oppor- 
tunity/affirmative action employer. 6-9cp 
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SIXTH ANNUAL LONDON-PARIS ULTRA- 
SOUND CONGRESS, SEPTEMBER 15-22, 1990 
Category | accreditation followed by OPTIONAL 
LOIRE VALLEY BICYCLE TOUR. For information 
contact Medical Seminars International, Inc., 
9800 D Topanga Canyon Bivd., Ste. 232, Chats- 
worth, CA 91311; (818) 700-9821. 3-8d 
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WORKSHOP—NATO Advanced Study ‘Institute 
(ASI), Picture Archiving and Communication 
System (PACS) in Medicine, Evian, France, 
Oct. 14-26, 1990. The aim of this ASI workshop 
is to bring 80 participants for intensive presen- 
tation and probing discussions on PACS. The 
theme of this meeting is to emphasize “how to.” 
Cost per person including room and board for the 
full duration is $645 single, $585 double. No reg- 
istration fee is required. There is limited funding 
to support participation. For more information, 
please contact Professor H. K. Huang, M.D., Divi- 
sion of Medical Imaging, Dept. of Radiological 
Sciences, UCLA School of Medicine, Los 
Angeles, CA 90024-1721, U.S.A.; (213) 206-1045, 
FAX: (213) 206-2967. 5-8d 
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X-RAY FILM FOR SALE FROM NATIONWIDE 
DISTRIBUTOR—Very attractive prices and excel- 
fent service. Freight prepaid and no sales tax. 
Orders phoned in before noon are shipped out 
by UPS the same day. We ship anywhere in the 
world. No minimum order necessary. For infor- 
mation, prices, and free samples, please contact 
Dacco Enterprises, 7350 SW. 48th St., Miami, 
FL 33155; USA (800) 222-8242. 5—8ep 
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VISITING PROFESSORSHIP, THOMAS JEF- 
FERSON UNIVERSITY HOSPITAL—-The Dept. 
of Radiology at Thomas Jefferson University 
Hospital in Philadelphia offers a visiting professor- 
ship in our Division of General Diagnostic Radi- 
ology. The position commences July 1990 and 
will be available for 2 yr, while several of our 
faculty members are on sabbatical leave. Funding 
for the position is appropriate for a senior faculty 
member from another institution on sabbatical 
with partial funding or for a junior faculty member. 
In addition to working in the General Diagnostic 
Division, the visiting radiologist will have access, 
for research or educational purposes, to state-of- 
the-art MRI, CT, and ultrasound units, andto well- 
equipped physics and physiology research labo- 
ratories. Liberal research time will be available. 
Interested individuals should contact David C. 
Levin, M.D., Chairman, Dept. of Radiology, 
Thomas Jefferson University Hospital, Philadel- 
phia, PA 19107. Jefferson is an equal opportu- 
nity/affirmative action employer. 11-10e 
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